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THE PLANKTON OF LAKE WINNEBAGO 
AND GREEN LAKE. 



CHAPTER I. 



OUTLINE OF STUDY. 

The attempt in this investigation has heen to make a com- 
parative study of the plankton of two lakes of different typee, 
with a collateral study of such other lakes as could be eaulj 
reached. 

It was thought that if, after a somewhat careful preliminary 
study, the plankton of the two lakes oould be kept under observa- 
tion for a oonaiderable period of time, many facts in regard to 
the annual and geographical distribution of the animals and 
plants could be secured, and perhaps some generalizations could 
be reached in regard to the principles controlling such distribu- 
tion. 

LAKE WIIfNEBAGO AND OBEEIT LAKE. 

Lake Winnebago was chosen for the type of the shallow lake 
mainly because of its importance from the standpoint of the pro- 
duction of fish. It is known to he an enonsoualy productive 
body of water, and the fishing industry has omployed a great 
many men in Oshkosh. N'etting has been forbiflden by l^sla- 
tive enactment for several years, and, in spite of many infrac- 
tions of thelaw, it is generally acknowledged among all but inters 
eeted parties, that the number of fish has greatly increased in 
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that time. There is now hardly a better laie in the state for 
fishing for ajMrt for some kinds of fish. The perch are espe- 
cially lar^ and handsome, and the hlack bass are numerous and 
gamy, although rarely exceeding three or four pounds in wei^t. 
Pike, too, are caught in large numbers, and white bass are abun- 
dant in the spring. 

Lake Winnebago is some 28 miles long by 10 or 12 broad in 
its greatest width, ITiere has never been an accurate hydro- 
graphic survey of the lake, but it is probable that it is nowhere 
over about 25 feet in depth. It is evident to a superficial ob- 
server that the plant life during tlie summer is very large, and 
it has been assumed that the abundant production of fish is 
correlated with the plant growth. The principal inlet of the 
lake, the Fox river, entei-s it about midway of the western shore, 
and leaves it as its outlet, at the norttiern end. Thus the lake 
may be considered simply as an expansion of the river. 

Connected with the Fox and its principal tributary the Wolf, 
is a number of lakes and streams which receive tlie dminage of 
fl large section of tlie northeastern part of Wisconsin, extend- 
ing from the southern boundaries of ilarquette, Green Lake, 
and Fond du Lac counties to the southern part** of Forest and 
Oneida counties. 

Many of these lakes are merely expansions of the rivers, and 
although covering areas of considerable size, are for the most 
part very shallow. Lake Buttes des Morts, Lake Winneconne, 
Lake Poygan, and Lake Pudcaway are the most prominent of 
these lakes; tlieir shores are for the most jtart low and swampy, 
and their depth rarely exceeds 10 or 15 feet. There are a few 
deeper lakes in this drainage area: Stone lake is between 75 
and SO feet in its greatest depth ; the Waupaca lakes, though 
small in area, are in some cases from 60 to 95 feet in depth, 
and Green lake, with a maximum depth of 237 feet, is the 
deepest lake in the state. 

The deep lakes, as would be expected, are more distinctly cut 
off from tlie other parts of tlie drainage area than the shallow 
lakes. In the ease o£ the shallow lakes, many open one into 
the other so that there is no distinct line of separation between 
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them. It would be expected that this separation of the deeper 
lakes would have some effect on the character of their fauna 
and flora, besides the effect produced by the difference in envir- 
onment. 

The east shore of Lake Winnebago is, for the most part, high, 
and in some places rocky. At the south end the shore ia 
swampy, — in fact it is rather difficult to distinguish between 
lake and shore. At this end the Fond dn Lac river flows in, 
and there is a gradual encroachment of the shore line upon the 
lake. The west shore of the lake is low, but not, to any con- 
siderable extent, swampy, and is gradually being dotted over 
with sunmier cottages. At the north end of Hie lake are exten- 
sive sand beaches. Hie material of the lake shores is glacial 
drift, so that everywhere the shores are lined with boulders 
washed out of the drift by the waves. 

The bottom of the lake is generally composed of a fine mud 
filled with organic matter. In many cases, however, a bottom 
of boulders extends quite a distance from shore. Off Stony 
Beach this rocky bottom extended perhaps a half a mile from 
shore, and then is succeeded by a mud bottom without any dis- 
tinet change in depth. In other cases the bottom near shore is 
composed of sand or red clay. 

Before this work was undertaken, very little was definitely 
known of the plankton of Lake Winnebago. Only occasional 
collections had been made. It seemed necessary therefore to 
make a continuous series of collections lastJng over a consider- 
able period in order to get a basis of comparison. It was neces- 
sary, too, that there should be an opportunity to examine the 
living collections, as many tilings are sure to be overlooked in 
preserved material. 

Accordingly a summer station was eetablidied at Stony 
Beach, a small summer resort about two miles south of Osh- 
kosh. Comfortable quarters were found in an old hotel build- 
ing, the dining room being fitted up as a laboratory. The 
laboratory equipment and a working library were brought from 
Kipon Collie. A row boat was provided for the r^ular daily 
work, and, through the kindness of Mr. Chas- Schreiber of Osh- 
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kosh, we had the use of a sail boat for longer trips. TLroiigh 
Uie courteay of Mr. M. W. Peek and Mr. D. Jack of Fond du 
Lae, we were provided with transportation in their gasoline 
yacht for an extended trip through Lakea Biittes des Morts, 
Winneconne, and Poygan, Acknowledgment should be ren- 
dered, too, for unnumbered services rendered by Mr. D. O. 
Fernandez of Oshkosb. 

The location proved to be particularly convenient, as Stony 
Beach is reached by an electric line from Oshkoah and yet ia 
BO far removed from the city that under ordinary conditions it 
is not probable that this part of the lake is contaminated by the 
city sewage. 

Systematic work on Lake Winnebago was commenced the 
fifth of July, 1899. During July and August^ with the excep- 
tion of a few days spent on other lakes, daily plankton oolleo- 
tione were made at at least two locations. For these daily col- 
lections a station was selected about a mile from the shore on the 
muddy bottom common to all the deeper parts of the lake, and 
another nearer shore on the rocky bottom. This was with a 
tWD-fold object, first to have two stations some distance apart 
in order to get an average of plankton, and second to determine 
whether there was any decided difference in the plankton over 
the mud and over the rocky bottom, for the fishermen think 
that some fish have a decided preference for the stony bottom. 
Some days a considerable number of collections was made, the 
locations being widely distributed over the lake. During the 
Bummer the eoUectiona extended over a distance of some twelve 
or fourteen miles on the west shore of the lake; many were 
made in the central region of the lake, and some on the east 
ahora 

A number of collections, for comparison, were made on other 
lakes synchronously with those on I^ke Winnebago, my assist- 
ant remaining on that lake while I did the work at other loca- 
tions. After the month of August the collections were kept 
up at intervals of about two weeks, the collections being made 
ordinarily at the two regular summer stations off Stony Beach. 
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I 
These collections were continued throngli a period of two years 
and a half. 

Collections at a similar interval of two weeks were also made 
on Green lake. Green lake was selected for comparative work> 
partly because of its convenient location, but mainly because itfl 
conditions are so different from those of Lake Winnebago, 

G-reen lake is situated in Green Lake county, about 35 milee 
■west of the southern end of Lake Winnebago. It is about 7% 
miles long, with a maximum width of 2 mileo. Nearly the 
■whole lake is over a hundred feet in depth, and the western part 
has a maximum depth of 237 feet The shore slopes are, for 
the most part, very abrupt, only a small part of the shore being 
swampy. The waters of Green lake are exceedingly clear, 
rarely being markedly discolored by vegetable growths, while in 
Lake Winnebago during most of the year the water is much dis- 
colored. On account of the small depth of Lake Winnebago, 
storms disturb its water to the very bottom over most of its area, 
while in the depths of Green lake there is a lai^ body of waterr 
which is never appreciably affected even by the severest storms. 
Because of its depth Green lake has a distinct ''thermoclintf' 
during the summer months, and the water at the bottom has an 
annual range of temperature of only about ten degrees Fahren- 
heit Lake Winnebago, on the other hand, has, during the sum- 
mer, a nearly uniform temperature from top to bottom. 

Lake Winnebago, because of its slight depth, and the fact 
that tlie whole body of water is so easily affected by storms, 
becomes warmed much earlier in the spring than does Green 
lake, and cools off with corresponding rapidity in the fall. The 
result is that Lake Winnebago is covered with a thick coat of 
ice long before Green lake is frozen over. 

Green lake is seldom covered with ice before the first of 
January, and parts of the lake sometimes remain open through 
the whole winter. As a result of the late freezing, the ice never 
reaches the thickness on Green lake that it does on Lake Win- 
nebago. Because of its great depth, and the consequeot eocist- 
ence of a thermoclino in Green lake in summer, this body of 
water has a true "abyssal" fauna, oi^anisms which can exist 
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only in the peculiar environment of uniform low temperature 
and little or no light. Lake Winnebago, on the other hand, can- 
not be said to have an abyssal fauna, the animals of the bottom 
in the deejwr parts of the lake not differing appreciably from 
those of the littoral region. 

With such differences in physical conditions we should ex- 
pect eorreeponding differeneee in fauna and flora. The writer 
has already suggested in a former publication (Marsh '97, 
181) that lakes may be divided into the two classes of "deep" 
and "shallow," the dividing line between the two classes being 
at about forty meters. Later (Marsh, '99, 171) I was led to 
think that the limit should he placed at a lower figure, — per- 
hafs thirty or thirty-five meters. It would be better, doubt- 
less, to make the main classification of lakes depend upon the 
existence or non-existence of a thermocline. In the shallow 
lakes there is no thermocline. Taking the presence or absence 
of a thermocline as the basis of classification, the depth limit 
between deep and shallow lakes would not be definite but would 
bear a constant relation to the area and character of the shore ; 
for the thermocline is much more marked in small lakes with 
high shores. 

Deep lakes are susceptible of a two-fold classification into 
the large and the small. In the small deep lakes the abyssaal 
water stagnates, and the conditions of life become so hard that 
an abyssal fauna can hardly be said to exist In the large deep 
lakes, on the otlier hand, the movement of the surface waters 
under the influence of the winds produces slow return currents 
along the bottom, which serve to relieve tlie condition of stagna- 
tion, and permit the existence of a somewhat abundant abyssal 
fauna. Green lake and Lake Geneva have the characterislica 
of large deep lakes, while Elkhart and the Waupaca lakes are 
types of small deep lakea. 

On the whole this seems to me the most satisfactory classi- 
fication of lakes, and in this paper I shall use the terms "deep," 
"shallow," "large deep," and "small deep," as indicated above- 
While, as will be seen later, fauual and floral distinctions do 
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xtr-t follow alisohitely this classification, yet they have a close 
■relation to it. 

Green lake may be considered the typical deep lake of Wis- 
nsin, and, as observations have been carried on upon its fauna 
.□d flora for a number of years, it was natural to select it for 
comparison with Lake Winnebago. 

Collections were made on as large a number of lakes in other 
localities as time would permit. Some of these lakes were se- 
lected because they had apparently different conditions from 
those prevailing on Lake Winnebago and Green lake, but 
others were taken for the express reason that their conditions 
seemed to resemble very closely those of the lakes which were 
made the standards of work. 

Inasmuch, as will be shown later, experience has sho^vn that 
plankton collections are really sifrnificant only as averages can 
be obtained of a considerable number of collections, and that 
single collections may be very misleading, so far as possible an 
attempt was made to visit a certain number of lakes re|watedly, 
rather than to make a large miml>er of single collections from 
different bodies of water. Unfortunately the Ume at command 
did not permit of as many of these trips as was desirable, so 
that in some eases single collections only could be made: as 
it was important that there should be as wide a basis of com- 
parison as possible, it seemed better to make these single 
collections than no collections at all. The author clearly recog- 
nizee, however, that it wonid have been much better had it 
been possible to work a circuit of a considerable number of 
lakes continuously. If lakes could be classified into a series 
of a few types, of course, it would be necessary only to take one 
of each type. But, so far, no entirely satisfactory classifica- 
tion, from the standpoint of the fauna and flora, has been pro- 
posed, so that one can not be certain when he limits his work to 
a few lakes, that he may not miss some important principles of 
distribution which are only exemplifiid in the bodies of water 
which he has not examined. 

Four somewhat extended trips, in four successive years, were 
made to lakes in the forest region of Wisconsin, including lakes 
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in Sb&w&no, Forest, Oneida, and Langlade counties. The first 
of these trips was made in September, the last three in the mid- 
dle of August. To some of these lakes visits were made at 
other times. Such collections, as intimated before, while giv- 
ing a very imperfect idea of the faunal and floral conditions of 
these bodies of water, are yet very valuable as a matter of com- 
parison. 

In this work the objects kept in view have been the following : 

1st. Lists of the fauna and flora. Inasmuch as the work 
has been done entirely by one person, with the aid of an as- 
sistant for a part of the time, and my exact systematic knowl- 
edge ie very largely confined to the entomostraca, it is not io 
be expected that this list will be complete. It will, however, 
serve to show such important differences as may exist between 
the fauna and flora of Lake Winnebago, Green lake, and the 
other lakes. 

2nd. A quantitative study of the plankton which should 
give a clear idea of the annual variations, and of the quantita- 
tive difference between the plankton of Lake Winnebago and 
Green lake. 

3rd. A qualitative study of the plankton in order to deter- 
mine the variations in its components in the course of the year. 

4th. It was hoped that the studies of the above topics would 
furnish material for some exact additions to our knowledge of 
the distribution of the animals and plants of the plankton, and 
might help in the solution of the very complex problem of the 
relation of the plankton to the fish. 

METHODS OF MAKING COLLECTIONS. 

In settling upon the methods which should be used in mak- 
ing the collections, it was necessary to choose a method which 
would be practicable in a permanent station, and yet whiA 
should not involve so cumbersome apparatus that it could not 
readily be carried from place to place without making too much 
of a burden of weight This latter consideration made the 
pump impracticable. Moreover, I am inclined to agree with 
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the contusions reacbed by Reighard (Keighard '98) tliat it is 
very doubtful if the pump gives one a representative collection 
of a column of water. In deep waters, of course, the pump in- 
volves very unmeldy apparatus. In shallow waters, especially 
for making collections at specific levels, the pump is a useful 
adjunct to plankton apparatus. In the opinion of the autbor 
no method has yet been devised that serves the purpose so well 
as a vertical net. It is very much to be desired that the net 
should have a wide opening, as is stated by Reighard. Port>- / 
ability was so necessary in my case, however, tliat size had to be ' 
sacrificed. The undoubted fact that nets vary in their ooUeet- 
ing ability because of the clogging of the meshes, especially in 
silt laden waters, was deemed in these researches as of minor 
importance, partly becaiise the waters examined were for the 
moat part fairly clear, and partly because, as will be seen later, 
the author attaches very little importance to exact measure- 
ments of the plankton, but relies for results on averages. 

The net used was of the pattern of Hensen, the upper cone 
being of copper, with an opening 10.5 cm. in diameter. The 
net was of bolting silk, attached below to a removable bucket, 
of a form devised by Professor Birge. The net was drawn 
from the bottom to the surface, tlie net washed down from the 
outside, and the bucket, by the aid of a wash bottle filled with 
alcohol, emptied directly into the collecting bottle. I made it 
a rule to make three collections at eadi station, and in stating 
results the three collections were averaged. 

To determine the gross amount of plankton it was decided to 
use the eentrifuga The objections to the method of settling 
in graduated tubes have been well stated by other authors. 
(Ward '95, Kofoid '97.) The lack of exactness in plankton 
measurements does not warrant the labor of the gravimetric 
method. It was decided to use the centrifuge, as being the 
beat method yet devised. For this purpose the ordinary uri- 
nary centrifuge was used, with tubes graduated to tentbs of a 
centimeter. After a little experience it was decided to run 
the centrifuge in the following way: 3st, two revolutions of 
the crank ; 2nd, two revolutions in the reverse direction : 3rd, a 
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continuous run of Yo min. ; 4th, Va min. in the opposite direc- 
tion ; 5th, one minute straight ahead. The centrifuge was run 
at from 1200 to 1500 revolutions per minute, any greater 
rapidity being almost certain, to break the tubes. It was foun^ 
that the work was moat successful when the percentage of alco- 
hol in the collected material was rather high. This method 
has some inaccuracy, as well as the method by settling, for the 
different kinds of material are not equally well thrown down. 
Some of the algae, in spite of long continued running of the 
centrifuge, will always lie in a more or less flocculait mass on 
top, and in some eases, even after being thrown down, will 
afterwards rise into the supernatant liquid. The supernatant 
fluid, even when apparently perfectly clear, always contains a 
little of this plant material, Tlie amount is so small, however, 
that it has no evident effect on the measurements of the plank- 
ton. 

The examination of tlie plankton was by the method ex- 
plained in mj former paper. (Jlarsh '97, p. 188.) At first 
all the counting was done by means of tlie dissecting lens, but 
later, for the smaller forms, a compound microscope was used, 
with a stage especially arranged to receive the counting plate. 
Only the Crustacea were counted exactly, with the exception of 
Gloiotrichia, of which a careful count was made. But notes 
were made of the occurrence of the other forms and a rude esti- 
mate of the numbers made and recorded under the terms "few," 
"many," "very many," and "nos." 
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CHAPTER II. 



ANNUAL DISTRIBUTION OF THE ORGANISMS OF 
THE PLANKTON. 

Asterionella gracUlima Ileib. 

AsterioneUa occurs in both la^es through the eutire year. 
In Lake Winnebago there seems to be a minimum in June, 
July, and August, but no very pronounced maximtun period. 

In. Green lake there is a similar paucity of numb^^ in the 
summer months and a strong maximum in February, March, 
and April. This winter maximum was first noticed in 1900 
when Asterionella was found in such numbers as to make a 
layer of water two feet in thickness almost opaque, — the water 
having a milky appearance. This winter increase was con- 
firmed in the two succeeding winters, and it would seeon to be a 
fair inference that its maximum in Green Lake occurs regu- 
larly in the winter. 

Cyclofella flocculosa (Roth) Kg. 

Cyclotella. is never found in any numbers in Green lake. I 
have found it only in November, January, February, and May. 

In Lake Winnebago, in the years under observation, Cyclo- 
tella was at its maximum of development in the fait months, 
September, October, and November. In 1900 there was an in- 
crease in May, and in 1901 in the last of April. I think, then, 
that we may say tliat Cyclofella in Lake Winnebago has two 
maxima, the principal one in the fall with its greatest develop- 
ment about the first of November, and the other one lees pro- 
nounced about tb* first of May. 
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Melosira. 

Melosira is found in very small numbers in Oreen lake, and 
no inferences can be drawn as to its annual distribution. 

In T^ke Winnebago its appearance eeems somewbat erratic, 
but there is evidence of two maxima, one in May, and one in 
September. 

Syn£dra pvlchella Kiitz. 

Synedra pulchella occurs in Lake Winnebago in all the 
months of the year. In 1900 there was evidence of a spring 
maximum in May and a fall maximum in October, In the 
other years there was no pronounced increase at any time. 

In Green lake it is practically absent in July and August^ 
and only few are found in September, October, and Novem- 
ber. Large numbers are present in December, January, and 
February, and there is another increase in April and May. 

Synedra acus var. delicatissima Qron. 

This variety occurs in both Green lake and Lake Winnebago^ 
but in much greater abundance in Green lake. I have found 
it in Lake Winnebago in February, March, April, and Jun& 

In Green lake I have found it in nearly every month of the 
year, but it is in the winter that it especially flourishes, being 
very numerous from January to May. With AsierionBlla it 
forms one of the most important elements of the winter plank- 
ton of Grerai lake. 

FragUwria. 

I have not found Fragilarui in Lake Winnebago in Jtdy, 
August, September, or October, and only once have I found it 
at any time very abundant, — that was in the middle of May, 
1900. 

In Green lako it occurs at the same timee, my only large col- 
lection being at the middle of May, 1901. 
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8lejA.anodiscus. 

Stephanodiscus I have not found at all in Green lake. In 
Lake Winnebago it maj occur from February to Jdy, with 
a maximiun at some time in the spring. In 1900 there were 
two important periods of large nmnbers, one the middle of 
May, and one the last of June. In 1901 tiie first increase 
came the laat of April and the second the first week in June^ 
Other diatoms were noticed in the plankton, bat none in suf- 
ficient numbers to be of any importance in the total amount 

Navicula. 

Navicula was found in Qreen lake a few times and occurred 
in Xake Winnebago in many of the collections, especially in the 
winter months. 

Svrirella and Plevrosigma, 
Surirella and Plevrosigma were found a few times in Lake 



Nassula. 
Nassvla, also, was noted in the flora of Lake Winnebago. 



COMPAKI8OK OP BBSULTS ON ANNUAI, DISTBIBUTIOH OF DU.TOU8 
WITH WORK OF OTHEB AUTHOB8. 

I find very few recorded facta in regard to the annual dis- 
tribution of the various genera of diatoms. 

Apeteiu (Apstein '96) finds the two maxima of Melosira 
much as I do. His maxima for Asterianella do not correspond 
to my results. 

Whipple (Whipple '94), in a discussion of the growth of 
diatoms in surface waters, cornea to the conclusion that the 
growth of diatoms is directly connected with the phenomena 
of staguation, that in deep ponds there are two well defined 
periods of growth, — one in the spring and one in the fall: that 
in phallow ponds there is usually a spring growth but no regu- 
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lar fall growth, and that other growths may occur at irr^ular 
intervals as the wind happens to stir up the water; that the two 
most important conditions for the growth of the diatoras are 
a sufficient supply of nitrates and a free circulation of air, and 
that both these conditions are found at those periods of the year 
when the water is in circulation. Whipple gives facts in r&- 
gard to the annual distribution of diatoms in Massachneetts 
ponds which seem thoroughly to substantiate his contention. 
I have already referred to tliis work in a former paper (Marsh 
'99), accepting these conclusions. In looking over the occur- 
rence of the diatoms in Green lake and Lake Winnebago I 
find nothing to contradict this theory in the occurrence of Cyclo- 
tella, Melosira, Synedra, Fragilaria, or Stephanodisats. The 
occurrence of Cyclotella in Lake Winnebago especially seems 
to confirm his statements. 

The occurrence of Asterionella in Green lake, however, dif- 
fers distinctly from his results in ilassacbnsetts waters. His 
general (xinclusion in regard to AsterioneU-a is that its two max- 
imum periods come after the spring and fall overturning when 
the spores, — if diatoms have spores,- — are brought to the sur- 
face accompanied by the food materials that have been forming 
in the abyssal waters during the stagnation period. Now in 
Green lake the maxima, as found in three winters, came in 
the depth of winter when the lake was covered with eighteen 
inches or more of ice, and at a period midway between the two 
cverturnings of the water. It is evident that AVhipple's ex- 
planation docs not apply in this case- AVhy there should be 
this enormous production of AsicrioneUa, in mid-winter I do not 
at all understand. Voigt (Voigt '02) reports Asterionella as 
having a similar winter maximum in Trammer-Se© and Ede- 
herg-See. 

Closierium. 
Two or three species of Closlenum occur in both lakes as 
occasional members of the plankton. They cannot be considered 
as true linmelie species, but rather as migrants from the littoral 
flora. 
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Pediastrum. 
I have found Pediaslrum in Lake Winnebago in every month 
of tile year except March and April. It is most abundant in 
the summer and fall months but seems to have no pronounced 
maximum. 

Staxu-astru-ni. 
Staurastnim is found in Lake Winnebago from Jlay to No- 
vember but never in any considerable numbers. 

Eudorina. 
Eudorina I have found in small numbers in June and July. 

McrisTnopedia. 
Merismopcdia was found in small numbers through the sum- 
mer and fall of 189!) in Lake Winnebago. In 1900 it was 
found only in the fall months, continuing to the middle of Feb- 
ruary. In 1901, too, it did not appear until fall except in a 
single collection in June. 

Claihrocystis oeTugmosa Henfr, 
I have never found Clathrocyslis in the plankton of Grerai 
Lake. In Lake Winnebago it occurs throughout the summer, 
appearing as early as June, and sometimes remaining as late 
as October. I have found it in great numbers in Lake Buttea 
des ilorts in August, It appears in the same month in Peli- 
can late and the Eagle Eiver lakee. It does not appear to be a 
constituent of the plankton in the deeper lakes, 

A nabaena. 
Anabaena is one of tlie most important constituents of the 
summer plankton. It occurs in Green lake, sometimes in 
noticeable amount, so that little ridges of it are thrown upon 
the shore by the waves. It is in the shallow lakes, however, 
that it flourishes in especial abundance. It appears in Lake 
Winnebago as early as ilay, and may be found as late as Oeto- 
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hee. It reaches its greatest ftbundajice in Jul^ and August 
The Dumbers in September are ordinarily very smalL Yet I 
have found it in Pelican lake in great numbers in the latter part 
of September. 

Aphamzomenon. 
Aphanizomenon occurs in Lake Winnebago associated with 
Anabaena, its period of growth being very similar although it 
does not appear bo early nor remain so long. While I have not 
oonnted Anabaena and Aphanizomenon, and so cannot state 
t^eir maximum period with any exactness, I get the impression 
that Aruibaena reaches its maximum earlier than AjAanizom- 
enon. It 19 found in other shallow lakes associated with Ana- 
baena. 

Oscillaria. 
OscUlaria is not a constituent of the plankton in either Greem 
lake or Lake Winnebago. In some of the shallow lakes, how- 
ever, it is very abundant at certain times in the summer. This 
is notably so in Shawano lake where it seems to assume the 
importance that Ajiabaena and Aphanizomenon do in Lake 
Winnebago. 

Lingbya. 
Lingbya is associated with Anabaena and Aphanizomenon 
in Lake Winnebago, especially in July, sometimes in large 
number3, but is of less importance than the other two genera. 

\ 
Oloioirichia echinulata Richt 

Gloiotrichia has no importance in the plankton of Green 
lake. In Lake Winnebago it is found in great numbers in 
July and August. In the summer of 1899 (Plate I) there 
was a rapid increase from the first of July to the middle, fol- 
lowed by a decrease, from which there was again a rise to a 
maximum about the twelfth of August. In 1900 there was a 
single maximum early in July. The total production of 
Gloiotrichia in 1899 was much greater than in 1900. 
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The collections of Gloiotrichvi in the other lakes of the state 
were made on only a few dates so that a compariBon of nuiO' 
bers would be subject to revision after a more complete knowl- 
edge of those lakes. So far as appears, however, Qhioirickia 
occurs in vastly greater abundance in Lake Winnebago than in 
the other bodies of water from which collections were madei 

The only exception to this was a very large collection of 
Gloiotnchia made on Pelican lake August 12, 1902. Other 
collections made on Pelican lake in preceding years, however, 
did not indicate so large a production of this plant as in Lake 
Winnebago. 

Sphaerella lacustris (Girod) Wittrock. 

This organism I have found a fairly constant constituent c£ 
the plankton of Green lake. During the first year it occurred 
in the collections from September until the next June. Ihir- 
ing the second year it was found from early in August until the 
laat of December. In the third year it appeared through the 
fall months, and after that the collections were discontinued. 
Its maximum of appearance seems to be from September to 
January. In Green lake it seems to be distanctly characteriatia 
of the cold season. 

I have not found this form in Lake Winnebago, but it doea 
occur in a number of the other lakes, generally in small num* 
bers, but in August, 1900, I found large numbers in Shawano 
and Pelican lakes. 

Although it is found in the plankton more in the colder sea- 
son, it does not follow that it Uvea in Green lake only at ^t 
time, for I have found it in enormous numbers in Dartford Bay 
in boats that were standing half full of water in the summer. 

Dinobryon. 

Vinobryon occurs in both Green lake and Lake Winnebago. 

In Green lake the largest collections have been in May, June^ 
and July, but it may occur in any month. 

In Lake Winnebago I have never found it in July and Aur- 
gust, but it oome« in with September, is found in small numben 
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in the fall and winter, and reaches a maximum of numbera in 
March. 

In the European lakes, according to Apatedn and Zacharias, 
this genus occurs from April or March to August, hut it would 
appear from my collections that it may be found in our lakes 
at any time except that in Lake Winnebago it fails at the botteet 
time of the year. It would seem to be a fair presumption that 
the heat of mid-summer is unfavorable to its growth althou^ 
it has been found in Green lake in great numbers in July. 

8ynwa uvella Ehrenberg. 

I have found Synura in Green lake only in two collections 
made in May, 1901. 

In Lake Winnebago it sometimes forms an important ele- 
ment in the winter plankton. I have found it in the months 
from November to April, with the largest numbers in January, 
February, and March. It seems to be very distinctly confined, 
in its development, to the months when the lake is covered with 
ice. 

Uroglaena. 
I have not found Uroglaena as a constituent of the plankton 
of either Green lake or Lake Winnebago, I did find it, how- 
ever, in large numbers in the plankton of the Eagle River lakes 
in August, 1901 and 1902, and it seems probable that in some 
shallow lakes it may be in the summer an important element 
in the plankton. 

CercUium kirundinella O. F. Miiller. 

Only once did I find Ceraiium in Lake Winnebago in any 
considerable numbers, — ^in a collection made August 22, 1900. 
It cannot be said ever to form an important part of the plank- 
ton of this lake. It may be found at almost any time of the 
year but always in small numbers. 

In Green lake it is distinctly a summer form. It ia almost 
entirely absent except in the months from July to October, in- 
clusive. In the summer of 1899 its maximum was reached 
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the last of July, in 1899 ita greatest development was early 
in October, and in 1901 it reached a maximum about the mid- 
dle of September, The total production in 1901 was much 
greater than in the preceding years. 

Codonella. lacustris Eutz. > 

Codonella does not occur in Green lake. In Lake Winne- 
bago it is found most abundantly in the winter months, 
although it oceura at other times of the year. It is never pree- 
ent in sufficient numbers to aifect tlie total plankton. 

Epislylis galea Ehrenberg. 
Epistylis was found in small numbers in the plankton c^ 
Lake Winnebago in the fall of 1900 and 1901. 

I found it also in the plankton of liirch lake in August, 1900. 

Anit-raea cochlearis Gosse. 

Anuraea cochlearis is found at all times of the year in, both 
lakes. There is no imiform maxim-um period, Apetein. states 
for Ploner See that the greatest numbers are found in July. 
Seligo finds for various lakes maxima in ilay, June, July, and 
September. 

The lai^est single collection in Green lake was made in Au- 
gust, while the largest collection in I>ake Winnebago was made 
in January. The occurrence of the species, however, was very 
erratic, and I can draw no conclusions as to its annual period- 
icity. 

Anuraea acitleata Ehrenberg. 
Anuraea aculeaia was found in Green lake only in two col- 
lections, — in July and December, 1901, and then in very small 
numbers. In Lake Winnebago it wag pretty constantly in the 
plankton from October or Novembpr until the next May. The 
largest single collection was in January, 1900. Thus Anuraea 
acuUata would appear to be a distinctly winter form. This 
agrees with the statement of Seligo and Voigt, but Apetein 
has found it a summer form. 
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I have, however, found it in other lakes in the Bummer. It 
oocurred in August, 1901, in hoth Shawano and Stone lakea 
in small numbers. In August of both 1900 and 1901 it was 
found in large numbers in Birch lake. I have found it also in 
Cedar lake in March and June. It is evident theai that Anuraea 
acjileata may occur at any time of the jear, and I see no reason 
why in Lake Winnebago it should be limited to the colder 
months, for tlie conditions of Shawano lake are very similar 
to those of Lake Winnebago. 

Anuraea quadriderdata Ehrenherg. 
Anuraea qvadridentata I have not found in Lake Winnebago. 
It appeared in Green lake in 1901 from February through the 
month of ApriL 

Polyarthra platyptera Ehrenberg. 

Polyartkra is a perennial form in Lake Winnebago. Gen- 
erally speaking the numbers are greater from July to October, 
but in one year there was a very large production in February 
and March. 

In Green lake it occurs from June through the month of 
October. I have never found it in the winter months. 

The European authors speak of Polyarthra as a perenniaL 
The occurrence in Green lake would seem to be somewhat pecu- 
liar, and I cannot see what circumstances in Green lake should 
be more unfavorable to it than in Lake Winnebago. 

Triarihra longiseta Ehrenbeig. 
Triartkra is never found abundantly in either lake. In 
both it is found from June to November, and only occasionally 
in the winter months. 

Noikolca longiapina Kellicott 

Notholca longispina is much more numerous in Green lake 

than in Lake Winnebago. In both lakes it may occur at any 

time of the year, with no pronounced maximum period. The 

largest single collection in Green lake was in February, 1900. 
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la general, the collections of the fall and winter nik>nths were 
larger than those of the summer. 

The conditiona of a deep lake seem to be more favorable to 
the production of Noiholca. longispina than tlioee of a shallow 
one. Seligo states that it was found in greater numbers in the 
deeper of the Stuhmer lakes. 

Noiholca foliacea lE^renberg. 
Notholca foliacea is not a common member of the plankton 
of these lakes. J have found it in Green late only onc^ on 
Maj 4, 1901. In Lake Winnebago I found it in collectiona 
made in the middle of February and in the middle of March, 
1901. 

Asplanchna sp. 
An undetermined species of Asplanchna was found in Greem 
lake in January and JIarch, 1000. In the same winter it was 
found in Lake Winnebago as early as November and was a 
fairly constant member of the plankton until the middle of 
March. 

Synchaeta pectinata Ehrenberg. 

Synchaeta pectinata occurred in Green lake in the winters 
of 1900 and 1901. In the winter of 1900 it was found in the 
months of February, March, and April. In 1901 it was found 
from January to ilarch. It was found in a single collection 
also in October, 1900. In both winters the largest numbeia 
were in the collections made on the twenty-third of February. 

In Lake Winnebago it is also a winter form with a somewhat 
more extended period of occurrence than in Green laka I 
have found it in the months from October to April, inclusive^ 
and in a single collection in June, 1901. 

This occurrence of Synchaeta pectinata corresponds fairly 
well with the results obtained by European investigators. Ap- 
Gtein finds it a perennial form, with its maximum in the win- 
ter months. He states, however, that in his counting he has 
not distinguished the species of Synchaeta, and it would seem 
possible that pectinata did not occur in the summer months. 
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Seligo Bays that S. peciinata occurs through the whole year with 
a maximum in S^tamber. 

Voigt (Voigt '02) says that S. pectinata is generally absent 
in the summer months, but is found in the fall, winter, and 
spring, while other species occur in the summer. 

ConochUvs volvox Ehrenbei^. 

Cotwchiltts was found in Lake Winnebago in the summers of 
1899 and 1901. In 1899 it rea<^ed its greatest numbers in the 
last week in July. In 1900 I found the largest numbers July 
9. In 1900 a few were found in October and November- I 
have not found it in any of the collections from Green lake, 
nor does it seem to be distributed very generally in other lakes. 
In September, 1899, I found it in Birch lak^ in June, 1900, 
in Oedar lake, Washington county, in August, 1900, in Pelican 
and the Kagle Hiver lakes, and in August, 1901, in consider- 
able numbers in one of the Clover Leaf lakes. While it is not 
at aJI uncommon in the sumnner months, its distribution seems 
to be somewhat erratic, 

Apstein finds a much longer period for ConochUus, but stat«fl 
that it is irregular in its maximum period. 

Voigt (Voigt '02) states that the period for ConochUus vol- 
vox extends from August to November, but other species of 
ConochUus may occur in the winter months. 

Diaptomus mlmUus Lilljeborg and sicilis Forbes. 
B. oregonensis does not occur in Green lake but its place is 
taken by D. minutus and D. sicilis. In a former paper 
(Karsh '97) I discussed the annual distribution of these Diap- 
tomi, and the curves given in Plate II, while they modify the 
conclusions reached at that time, do not do so in any material 
way. As in my former work, I did not in the counting dis- 
J:inguish between the two species, but, in every case, careful ex- 
amination was made ns to the presence of the two species. I 
have very little to add to the statement already made (Marsh 
'97, 193) in regard to the annual distribution of these two 
species. D. minutus occurs in the months from July to Decem- 
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ber, inclusive. D. aiciiis is found from the last of September 
or first of October until tbe first of July. D. stciiis is rarely 
present in the summer months as D. minutus ia seldom found 
in the winter and spring mouths. In considering the curve, 
then, it must be remembered that the sununer maxima are for 
minutvs while the winter maxima are for sictlis. In !N^OTem< 
ber and December and again the last of June the species are 
found together in the plankton. In the three years under ob- 
servation the greatest production of mitvutus was not far fnna 
the first of August with a smaller fall maximum the last of 
September or first of October. This differs from the only ocan- 
plete curve in my former paper in that then the greatest maxi- 
mum was in September. 

D. sicUis reaches its greatest numbers in February and 
March. 

It may be remarked that this maximum of D. dcilis corre- 
sponds with the maximum period of development of AsteriO' 
nella, but whether there is any causal relation between the two 
I am unable now to say. 

Diaptormis oreganensk Lilljeborg. 
Diaptonvus oregonensis iB the only form of the genus found 
in Lake Winnebago, and is the common form in the greater 
majority of Wisconain lakes. The curves of annual occurrence 
are shown in Plate III. It will be noticed that in the first 
summer there were three marked maxima, the last of July, 
the middle of September, and the first of November. There 
was then a rapid decline, _a constant winter minimum during 
January, February, and nearly through the month of March, 
when there commenced a slow increase in numbers. In the 
second year the maxima were in the middle of August, the 
early part of November, and a heavy maximum in the next 
June. In the third year the summer raaximnm occurred the 
first of September with a fall maximum the early part of No- 
vember. In comparing the three years the uniformity of the 
November maxima is very remarkable. With the July maxi- 
mum of 1900 there is nothing to correspond in the other years. 
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We can say, in general, tliat Diaptotnus oregonenais occurs in 
its greatest abundance during the months from June to Novem- 
ber, inclusive, that it is found only in very small numbers from 
the latter part of November until the last of March ; that it 
has a constant fall maximnm and one or more mid-suminer 
maxima which occur between the last of July and the first week 
in Septemberl" So far as I know there are no preceding obeer- 
vationB on the annual periodicity of D. oregonensis except 
those recorded by Bii^ (Birgo '97). 

The curves of D. gracilis and D. graciloides as recorded by 
Apsteiu, Steuer, and Seligo correspond in general witli these 
curves, but differ in details. Especially noticeable is the state- 
ment of Apatein that the maximum of D. graciloides in Lake 
Plon occurs in the winter. In comparing my results widi 
those of Bii^ while there is a general resemblance in the 
curves, there are certain marked differences. He states that 
in Lake Mendota the amalleat catches of the year were made in 
the latter part of April, and he infers that the <M>ndition8 of life 
are harder for them after the going out of die ice. In Lake 
Winnebago there was a distinct increase during the month of 
April with a drop during the first half of May. I am imable to 
explain this increase, but it does not appear that the going out of 
the ice worked any hardship in the case of the Lake Winnebago 
Diapiomus. 

In Lake Mendota there seems to have been no increase corre- 
sponding to the November maximum of Lalte Winnebago. It 
is possible that this fact has some bearing upon the question 
of the effect of temperature upon the species. Birge (Birge 
*97, 326) states that the reproduction of D. oregonensis is more 
promptly checked by a fall of temperature tlian is that of any 
other species. Of course there is no question of the truth of 
the general proposition that tlie reproduction of this Diaptomua 
is dependent upon higher temperatures, ITie general charac- 
ter of the curves shows that at once. If, however, it were par- 
ticularly sensitive to a decline in temperature, should we not 
expect fall reproduction to stop soonest in the lake Uiat coola 
off the most quickly i I,ake Mendota has a maximum depth 
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of about eighty feet, while the maximum depth of Lake Win- 
nebago is only about twenty-five feet, and becauBe of its greater 
extent is doubtless much more affected by the winds. It seems 
to me that if the species were especially senaitivo to tempera- 
fun, wo chr^i^A »v.^»>f t\,a fall Tr.a-.-;.r.n.TYi \t, ft.A rlocnor lata 
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Limnocalanvs macrurvs Sara. 

Limtwcalanus only occura in deep lakes, so it is not found at 
all in Lake Winnebago. In Green lake it is found at all times 
of tlie jear. In my former paper (Marsh '97) I stated that 
its maxima were in May and November. The curves from the 
present series of observations (Plate VI) seem to confirm the 
former results, although the spring maximum occurs as early 
as April in some years, in others as late as June, and in the 
summer of 1900 the greatest number during the year was in 
July, althou^ there had been a marked rise in April Dur> 
ing the winter months most of the individuals are larval forma. 

It will be noticed that the maxima of Limnocalanvs are not 
very widely different from the smaller numbers found at other 
times. This is doubtless due to the habits of this species, 
which, as I have shown before, prefers a low temperature of the 
water, and during the summer months is found to very little 
extent above the thermocline. In the winter it is found at all 
depths. While, for the sake of the lower temperature, it suc- 
ceeds in adapting itself to the stagnant conditions of the deeper 
waters of the summer, it does not flourish at that time as it does 
when, the temperature being favorable, it can find a home at 
any depth. 

Cyclops brevispinosua Herrick. 

C. brevispinosiis is found in both Green lake and Lake Win- 
nebago. The curves (Plates VII and VIII) show that it 
should be ranked as a summer form, although it may be found 
at aJl times of the year. In the three summers under obserra- 
tion there was a marked increase the latter part of July or the 
first of August In 1902, however, the greatest nimiber of the 
year was found about the middle of September, 

In Green lake apparently there may be expected a great in- 
crease in the latter part of June or in July. In December, 
1902, however, I took the lai^;est collections of the whole pe- 
riod of two and a half years. These results correspond with] 
tile results reported for Green lake in my former paper (Marsh 
'97). 
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Bii^ reports for Lake Mendota that the largest collections 
were made in May. This does not correspond to the results of 
either Green lake or Lake Winnebago, although in one year there 
was a considerable rise in Lake Winnebago in May. In gen- 
eral it may he stated that C. brevispinosus is a perennial form, 
flourishing eapecially in the months from ilay to October. 

Cyclops pulchelhis Koch. 

Cyclops pulckellus does not occur in Green lake. 

In Lake Winnebago it is found from early October to the 
last of June. As the curves show (Plate IX) it has no very- 
pronounced maximum, but it is evident that it is present in the 
greatest nimibers in May or June. This species is then, in 
Lake Winnebago, distinctly a winter spedes. 

DisTEiBUTiON OF C. brevispinosus and C. pulchellus in Wis- 
consin Lakes. 

While I have found C. pulchellus in Lake Winnebago only 
in the months from October to June, inclusive, it is the com- 
mon limnetic form in some other lakes. This is notably so in 
the Great lakes. In certain of the Wisconsin lakes, so far as 
my observations have gone, C. pulchellus is always present as 
the limnetic form as C. brevispinosus is in Lake Winnebago 
and Green laka 

I have gone over very carefully the list of lakes, from which 
I have had collections, to determine, if possible, what is the 
factor whidi makes on© lake a brevispinosus lake and another 
a pulchellus lake, but so far without entire success. 

The following lakes, so far as I know, always have C. pul- 
chellus: Lake Geneva, Elkhart, Chain o' Lakes, Cedar lake 
Washington county, Birch lake. Stone lake. Sand lake, Lake 
Miohigamme, and Long lake Fond du Lac county. All 
other examined lakes have brevispinosus. All the lakes hav- 
ing pulchellus, vnih the exception of Sand lake, are of the 
deeper lakes, and Sand lake has a moximiun depth of fif- 
teen meters, thus being one of the deeper lakes of this type. 
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On the other hand all of the lakes having hrevispmosus, with 
the exception of Green lake, are of the shallow lake type- In- 
asmuch as jndckellus is found in the colder waters of the Great 
lakes, it would be a natural inference to supple that its pres- 
ence in Lake Winnebago in winter had immediate relation to 
the winter temperature of the water, and that it might be found 
during the summer in other lakes where the water retains a low 
temperature through the year. It seems impossible, however, 
to establish any such rule. Generally speaking it is true that 
in the shallower lakes hrevis'pinoaiis is the common linmetic 
form, while in the deeper lakes, which have a marked thermo- 
cline in the summer we find C, pulchellus, but the exceptiona 
are so startling as to destroy moat of the effect of the generaliza- 
tion. 

Cyclops LeuckaHi Sars. 

C. Leuckarii occurs in both Green lake and Lake Winnebago, 
but at somewhat different periods. 

In Lake Winnebago it is perennial, but the numbers in win- 
ter are very small. It is found in considerable numbers fnnn 
April to the last of October. It is apparent from the curves 
of frequency (Plate X) that its maximum period is in July 
and August, although in one year there was a great increase in 
May, 

In Green lake, on the other hand, it appeai-s to have a fall 
maximum, although the total numbers observed were so small 
as to make oue careful about drawing any exact inferences. 

The cause of the difference in tlie curves of the two lakes 
is difficult to state. If the maximum of Green lake occurred 
somewhat later than that in Lake Winnebago it might he 
thought that the difference was due to the fact that the deeper 
body of water is heated more slowly, but in the curve of 1900 
the maximum in Green lake is late in the fall, so that this can 
not be considered the real reason. 
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Cyclops prasinua Fischer. 

G. prasinius occurs in Lake Winnebago only in very small 
numbers, so that a curve of annual occurrence would mean very 
little. I have found it in every month of the year except in 
March, April, and May. The largest numbers I have found 
in September and October. 

In Green lake (Plate XI) it is a perennial form, but occurB 
in considerable numbera only from July to November, inclu- 
sive. In 1899 there were marked maxima the first of August 
and the first of October- In 1900 there was a similar increase 
in August, a few days later than the preceding year, and a fall 
maximum the first of November. In 1901 there was only one 
maximum and that occurred just after the middle of Septem- 
ber. C. prasinus then seems to be distinctly dependent upon 
the summer temperature for its period of greatest development, 

COPEPOD LAEVAE. 

Under this head were counted, not only nauplii, but all forms 
of immature copepods which were not sufficiently advanced in 
structure to be specifically determined. Inasmuch as it is im- 
possible to determine the species of these larvae, it is di£Bcult 
ta explain the maxima of the curves (Plates XII and XIII) 
as due to the increase of particular copepods. It is only by 
comparing these curves with those of the various species that 
we can conjecture to what speciea a given maximum is due. In 
many cases these maxima are doubtless due to more than one 
apeciee. 

A glance at the plates shows that the total numbers of larval 
forms in Green lake are considerably larger than in Lake Win- 
nebago as only once in the two years and a half under observa- 
tion did the number in Lake Winnebago much exceed that in 
Green lake. This is no more than would be expected from 
the fact that the copepods play a much more important part in 
tiie plankton of deep water lakes than they do where the water 
is shallower. 

In Lake Winnebago larval forms are found at all times of 
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the year with two pronounced maxima, one in the spring and 
one in tlie summer or early fall. In the summer of 1899 the 
8unmier increase was distributed from July to December, with 
no great rise at any time- In the summer of 1901 there was a 
single maximum in the middle of July, while in 1902 this 
maximnm did not come until the first of September. In the 
spring of 1900 there was, al>out the first of April, the largest 
number found at any time in the whole period under observa- 
tion. In the next year, 1902, the maximum came about the 
middle of June. 

It is extremely difficult to correlate these curves with those 
of tlie mature copeiwds. The summer increase is doubtlees 
largly composed of Diaptotiius oregonensis and Cyclops brevis- 
pinosus, with some S|>ecimen3 of Cyclops Leuckarti and Epis- 
chura. A comparison of the summer cun'es of these species 
shows a veiy close relation with the curves of larvae. The win- 
ter lan*ae are probably entirely of Cyclops pulchellus. Hie 
spring maximum is composed of the three species, Cyclops 
Leiickarti, Cyclops pulchellus, and Diaptomus oregonensis. 

In Green lake the curves resemble in general those of Lake 
Winnebago, with the exception of the marked increases in the 
winter moiitlij!. In tlio three summers under observation there 
was a single maximum coming in the succes-sive years in July, 
August, and September. I know of no reason why there should 
have been this difference. In the summer the larvae probably 
belong to all the species of eopcixxls except D. sicilis, Limno- 
calanus, and Epischura. Tlie rises in the winter months are 
due largely to the two latter forms, I have found larval Epis- 
chura only in Febniary and March. The increase in October 
and Xovember is because of the coming in of Diapfomus sicUis. 

The rise in the cur^-e in Jlay and June is doubtless largely 
due to the increase m D. mtnuhis, which later forma one of 
the chief elements in tlie plankton. 

Diaphanosoma brochyurum Liev. 

Diaphanosoma is distinctively dependent for its development 

upon the high temperature of the summer months. In Lake 
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Winuebago (Plate XIV) it appears as early as the middle of 
May and reaches its niaxiinuin in July or August, tlion rapidly 
diminishes, to disappear entirely the last of October. 

In Green lake it does not appear ordinarily until into July, 
and reaches its maxiiiinm in August or September. Here, too, 
it disappears the last of October. These results compare very 
closely with those reached by Birge for Lake Mendota and 
those noted by the European authors, Apetein, Fric and Vavra, 
Burkhardt, Steuer, and Seligo. 

It will be noted that the season for Diaphanos&nw- in Green 
lake is later than in Lake AVinnebago, as we would expect, be- 
cause of the more rapid warming of the shallower body of 
water. The total number in Lake Winnebago, too, is greater, 
and the maximum mucli more sharply marked. 



Dapkiiia hyalUia Leydig and D. reirocurva Forbes. 

Under this head I have placed all the common limnetic Dajih- 
nias, \vithout attempting a closer specific distinction. In Green 
lake I think the form is reirocurva, while in Lake Winnebago 
both hyalina. and reirocurva are found. 

In Green lake Daphnia may be found at all times in the year 
but between January and the last of ilay only in occasional 
specimens. Its principal time of life is between the first of June 
and the last of December. The results of the three siunmers 
given in Plate XV, compared with the curves of my former 
paper (Marsh '97), do not give sufficiently uniform results to in- 
dicate maxima occurring with any great regularity. In the sum- 
mer of 1899 there were two distinct maxima, one the middle of 
July and one about the middle of October. In 1900 the two 
maxima were the last of August and the first of November, 
while in 1901 there were three maxima, all less pronounced 
than in the preceding years, one in July, one the latter part of 
August, and one the first of November. The curves would 
seem to indicate the common occurrence of two pronounced 
maxima, one in July or August, and one in October or Novem- 
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ber. The curves of my '97 paper indicate the BtaoB { 
principle. 

In Lake Winnebago (Plate XVI) the maxima during the 
mimmer months bear a fairly close resemblance to those of 
Green lake, but there i8, in addition, a pronounced maximum 
in May or early June. This spring maximum may be due to 
the increase of hyalina, as Birge's results would indicate the ^- 
istenoe of a spring maximum for this species. 

A comparison of the work of Birge on Lake Mendota and the 
published results of the European authors Zacharias, Apatein, 
Burckhardt, Seligo, and Steuer shows that the occurrence of 
limnetic Daphma is very similar the world over, the winter 
months having the minimiun of production, and the greatest 
numbers appearing in the summer and fall. The absence of 
the spring maximum in Green lake is doubtless due to the alow 
warming of the deep body of water. 

Daphnia pulex var. pulicaria Forbes. 

This species I have not found at all in Green lake. 

In Lake Winnebago it appeared May 11, 1900, and was 
found in large numbers in June and then entirely disappeared. 
In 1901 I found it in a single collection, — ^that of June 8. 
When it occurred it was in the bottom waters, and was very 
noticeable because of its size. It is possible that scattering in- 
dividuals at other times were counted as hyalina, bat if it oc- 
curred at all it must have been in very small numbers. Birge 
(Birge '97) has discussed in detail the occurrence of this 
species in Lake Mendota, stating that it occurs tliere in uuiDr 
bers only in the odd nimibered years. This does not seem to 
be true in Lake Winnebago, He also states that it is confined 
to the region of the thermodine, being limited above by the 
high temperature of the water and below by the impurity of 
die bottom waters. If this were true it would explain the dis- 
appearance of this species in Lake Winnebago in summer, be- 
cause this lake has no thermodine, and the whole body of water 
is heated to a high d^p*ee. It would seem that the oonditions 
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in Green lake would be peculiarly favorable for Daphnta puH- 
earia, but X have never foiiod it, altbou^ my ootlections have 
now covered a coneiderable number of yesra 

In the other lakes examined in this inveetigation I found 
Daphnia ptdicaria only in Shamrock and Pansy of the Clover 
Leaf lakes and in Pelican lake in two years. In the Clover 
Leaf lakes it occurred below the thermoclin& Its occurrence 
in Pelican lake was somewhat unexpected, as this lake has no 
thermoclin& and the species was found in August, after the 
lake was thoroughly warmed up. 

In former collecting trips I have found Daphnia prulicaria in 
the deep waters of Lake Beulah in July and August, and Pro- 
fessor Birge (Birge '97) has already noted that it is common 
in the deep waters of the Ooonomowoc lakes, whidi probably 
should be classed with the small deep lakes. 

Bosmtna- 

In Lake Winnebago I have not found BosnUna at all in die 
months of July and August. In 1899 it did not appear until 
the first of December, and very few were found in the winter 
months. Hiere was a vei? large increase about the first of 
Juna Then it abrupUy disappeared and reappeared the last 
of September. There was a fall maximum the first of Novem- 
ber, and then a rapid decline. During the winter months there 
were very few, and no marked increase until the first of June, 
1901, when there was an increase corresponding to that of the 
preceding year. It then disappeared and was found again the 
first of October, when it commenced to Increase with great 
rapidity. 

In Green lake, as shown by the curves (Plate XVII) Bos- 
mina occurs at all times of the year. Ccanparing theee carves 
with the curves in my former paper (Marsh '97) it would ap- 
pear that we may expect Bosmina to have a fall maximum 
in November or December. After this maximum there is 
a sharp decline and the number then grows gradually snaUer 
until June or July, when generally there is a slow increase 
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followed by a rapid rise in the fall, which may come as early 
as' September, but more commonly occurs in October or Novem- 
ber. In 1900, by far the largest niunber of the year ocourred 
in July. Nothing like this appeared in the other years, al- 
though there was an increase in July, 1899. 

I think it can be said safely that Bosmina has two annual 
maxima, one in the late spring or early summer, and one late 
in the fall. In comparing the two lakes under consideration 
we find that the spring maximum occurs earlier in Lake Win- 
nebago than in Green lake, probably due to the fact of the more 
rapid warming of the water in the shallow Lake Winnebago^ 
In some years the spring maximum fails to appear in Green 
lake. The fall maximum seems, on the whole, to appear in 
Green lake somewhat later than in Lake Winnebago. If this 
maximum is dependent on some conditions following the fall 
cooling of the water, this later appearance in Green lake ia 
easily explained. But so little is known of the life history of 
Bosmina that one would hardly feci safe in hazarding an ex- 
planation. 

In comparing my results of the annual distribution of Boa- 
mina, there seems to be a good deal of discrepancy, but prob- 
ably the differences can bo explained either by differenoea in 
local conditions or by the fact that most of the statements have 
been based on observations carried on for only a comparativdy 
short time. No other observations, so far as I know, have been 
published in America, and the statements of European authon 
would indicate that in some cases there were two distinct max- 
ima, but not in others, 

Eurycercus law^llatus O. F. Miiller. 

Bvjrycereus lamellatvs does not occur in the limnetic plank- 
ton of Green lake, but in Lake Winnebago (Plato XVIll) it 
Was an Important element of the summer plankton in 1899 and. 
1900. Curiously enough I found it in only (me oollection in 
1901, — that of June 8. In the summer of 1899 it was found 
in great nimibera about the middle of July, but had almost dis- 
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appeared by the first of August There was a rapid increase 
the last of August, auother decrease and a rise agaiu about 
September 20. It then decreased until the middle of Octo- 
ber, and had entirely disappeared in December, In July and 
August it was perhaps the most noticeable element of the plank- 
ton, its greater specific gravity causing it to settle first in the 
centrifuging process. In 1900 it appeared as early as March, 
but did not <iommence to increase until well into June, and 
reached a single maximum about the first of Auguat, than i&- 
creased rapidly and disappeared about the first of October. 
Li 1901 it is evident that some untoward circumstances must 
have prevented its development. 

In the collections made early in July, 1S09, Eurycereiia was 
much more abundant over the mud bottom well out in the lake 
tiian it was over the stony bottom nearer shore. Late in July 
the conditions were reversed, that is, Eurycercus was more nu- 
merous over the atony bottom nearer shore. An attempt was 
made to oorrelate this fact with the movements of fish, but not 
with entire success. It was found that ^ile Eurycercua was 
prevalent, it was an important article of food for the sheepe- 
heads, and apparently there was some movement of the sheeps- 
heads corresponding to the change in position of the greatest 
numbers of Eurycercua, but the observations were not snffi- 
ciently numerous so that any final statement could be made. 

Chydorus sphaericus O. F. Miiller. 

Ckydorus occurs only occasionally in Green lake. In the 
swnmer of 1899 none were found. Considerable numbers were 
foimd in October of 1900, and it continued in small numbers 
in the collections until January, but was found in none of the 
later collections. 

In I^ake Wiionebago (Plate XIX) it appears to be a perennial 
form. In the summer of 1S99 it had a sharp maximum early 
in: August It then declined rapidly and only few were found 
tmtil July of 1900, when there was a sudden and great increase. 
A still greater increase occurred about the first of November. 
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I have made no systematic oollectiona from other lakes, but I 
have found Ckydorus in great numbers in Stxme, Sand, and 
Pelican lakes in September. 

I think WB may say this, — that Chydonis is a perennial form, 
reaching it^ greatest numbers in the montha from July to No- 
vember, with its maximum prohably in October or November, 
but with sometimes a very marked increase also in July. 

Leptodora hyaiina Lilljeborg. 

Plate XX shows the annual distribution of Leptodora in 
Lake Winnebago. It was entirely absent from both lakee from 
November until May. In Lake Winnebago it occurs aa early 
as the beginning of May, but in Green lake it does not appear 
until into July. It disappears in Green lake, too, early in 
September. In both lakes its principal occurrence is in the 
months of July, August, and September. The occurrence in 
Irfike Winnebago corresponds very closely with Birge's state- 
ment in regard to Lake Mendota, although he has found them 
there as late as December, 

The observations of Burokhardt, Steuer, and Seligo in Eu- 
rope in regard to this species show that the occurrence there ia 
rery nearly the same as in this country. 

Cypris. 

An undetermined species of ostracod was found in both 
Green lake and Lake Winnebago collections. In Green lake it 
was found in September and October of two years and in Feb- 
roaiy and March of one year. In Lake Winnebago its range 
seems to have been from the Arst of April to the last of Septem- 
ber. It was veiy much more abundant in the summer of 1899 
than in that of 1900. ' It was not at any time preeent in suf* 
ficient numbers to [Jay any noticeable part in the total amount 
of plankton. 

The Bloom. 

The phenomenon of the "bloom" or the "working of the 
lakes," or the "breaking of the mores" as it is called in Great 
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BritaiD, should receive a little attention although it has beem 
thoroug^y diseussed, in its general aspects, bj oiher auUiois. 
Hiig phenomenon is especially marked in Lake Winnebago in 
scsne summers. It is duev of course, to the enormous growth 
of the plants of the plankton, that growth being particularly 
fostered by the hot weather of midsummer. The plants espe- 
cially concerned in forming the bloom are Clathrocyatis, Amy 
haena, Aphanizotnenon, Oscillaria, Lingbya, and Olototrtckia. 
The times of occurrence of these plants have already been no- 
ticed in the discussion of the individual constituents of the 
plankton. At the middle of August, in some summers, on a 
still day, the surface of Lake Winnebago is apparently a solid, 
opaque green. Some of this material decomposes, and as the 
currents slowly move along the surface material, it shows a 
wavy streaked appearance like the surface of polished mala- 
chite. Its intrinsic beauty, however, does not attract the aver- 
age person, for he looks upon it as "scum," and ho thinks of it 
simply as an evidence of filth. This material is thrown upon 
the shores by the waves until the rocks alongshore are completely 
covered with it, and it may in its decay become very offensive 
Following the maximum period of the "bloom" Cladophtfra ap- 
pears and covers the littoral rocks with a thick mat of green. 
This great growth of "bloom" naturally attracts the attention at 
the non-scientific obaerver, and many absurd explanations of its 
presence are ^ven. The most common one in Oshkosh is that it 
is a mass of seeds coming from the marshy shores of the Fox 
and Wolf above Oshkosh. Doubtless the Anabaetm and Oloio- 
iriehia have given rise to the supposition that the bloom is a 
miBss of seeds. The decomposition of Oloiotrichta produces a 
blood red coloring matter which is somjetimes very noticeable on 
the shores of Lake Winnebago, and has led people to question, 
as to whether the lake is not affected by one of the plagues of 
Egypt. 

When the water is still the plants of the btoom are in greatest 
abundance, close to the surface, and are distributed very uni- 
formly over the lake. Frequently, in the latter part of July 
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and in August, tliero may be seen floating about yellowish green 
masses of a more or less spherical outline, perhaps as much as 
three inehee or more in diameter. These masses, whidi are com- 
posed of aggregations of Aphanizomenon mingled with scattered 
fronds of Gloiotrichia and Anabaena, have very little coherence 
and elude the collector by falling in pieces almost at a touch. 
As is evident from the discussion of the occurrence of the algal 
oonstitueuts of the plankton, the bloom is not a prominent feat- 
ure of the deep lakes, — in fact in some years the growth of these 
algae is hardly noticed by the ordinary observer, — and of the 
shallow lakes few seem to produce so large an amount as is seen 
in Lake Winnebago, Of the lakes imder observation, Shawano 
and Pelican were the only ones that could be compared at all 
with Lake Winnebago. 

ANNUAL DiaTRIItrTION OF TUB TOTAL PLANKTON. 

Plates 5X1 and XXII shows the annual distribution of the 
total plankton in Green lake and Lake Winnebago during the 
two years imder observation. 

An examination of the curves, while it shows marked similar- 
ity in the production of the years studied, shows also almost aa 
marked differences. In general it may bo said that the sum- 
mer months are the time of greatest productiveness, althou^ 
Green lake shows an exception to this. We notice also that the 
successive years not only differ somewhat in the time of maxi- 
mum production, but that there is a marked difference in the 
total amount of plankton. 

In Lake Winnebago in the first year there were four periods 
of lai^ production, — the last of July, the middle of September, 
and the early part of June. In the second year there was a 
single maximum which occurred early in September, with not 
even slight increases at other times. In the third summer there 
was a pronoimced maximum in the last of July, with slight in- 
creases in September and October. 

In Greeia lake there are similar differences. 



.yGoogle 







3 


i 




5 














s 






1 


i 










& 






-. 




























T^ 




a- 


j* 










■? 


s: 


5 


~ 


■^ 
































^ 




* 




^. 




- 


;: 


'3. 


s 


A 








..; 








< 


/"N 


■'■ 


"^ 


y 








1 

1 






















^ 


7 


y 


































( 


1 








































\ 


> 






















1 
% 


.1 
1 


i 










^ 


r 
































\ 










































\ 


\ 






































) 


N 




- 


~~ 


^ 






































r 


- 


\ 



























iiGoogle 



lyGoogle 



A2iNUA.L DI8TRIBUTI0S OF THE OROANIBMa. 39 

In the first summer the greatest amount of plankton waa about 
the firet of August and the middle of October. In the following 
February and March, however, the total of plankton was much 
larger than even in the summer months, while the greatest rec- 
ord of the year wbs reached about the middle of June. From 
this point tliere was a decreaso followed by lesser maxima the 
first of August and the first of September. There was then a 
steady decrease to a minimum in the middle of Jammry. From 
this point there was an increase to a March majtimum oorr&- 
sponding to that of the preceding year, but the total of thia 
March maximum was much smaller than that of the Mardi of 
the preceding year. It then fell to a May minimum, which waa 
almost as small as that of the winter. This was followed by a 
slow increase to a single summer maximum in the latter part of 
July, from which there was a slow fall through the remainder 
of the summer and autumn months. 

COIfBTITUENTS WHICH PBODBCE PLANKTON MAXIMA. 

It is a matter of great interest to determine what organisme 
are responsible for the maxima, and what are lacking at the 
minimum periods. St«uer has stated that the result of his work 
indicates that the general plankton curve follows closely the 
rotatoria curve. This is hardly true of either of the lakes un- 
der consideration. But what organisms are responsible for 
these maxima? A comparison of the general plankton curves 
with those of the individual animals and plants shows no close 
relation between the total plankton and the species. There la 
this general relation that most forms are produced in greatest 
numbers in the months from May and June until October; thia 
is especially true of the plants. But no one organism seems to 
have a controlling influence on the total amount of plankton, ©x- 
oept in one or two particular cases. This is shown by a careful 
analysis of the plankton constituents at the various masimuta 
periods. 

In the summer of 1899, in Lake Winnebago, there were two 
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maxima, lliefle corroBpond to the maxima of Evrycercua lametr 
Uttua. Eurycercus is a veiy bulky form, and whm it is preaent 
in considerable numbers is a large element in tlie total planb^w. 
A careful analyais of the summer collections ^ows, bowerer, 
tbat while Evryeercta was an important factor in tbeae mflicima, 
it was by no means alone responsible for them. Th^ were 
rather caused by a general increase in a number of forms of 
Crustacea, accompanied by a latge derelc^mient of the plants. 

In the maximum of June, 1900, Daphrna pulicaria, another 
bulky form, also readied its maximum devejopmeot for tbe year. 
But at this time^ too, other forms are as important in making 
up die total. There was a general increase of most of the Crus- 
tacea, — among others Diaptomm oregonejisis being very promi- 
nent. Many of the plants, too, were preemt in otmsiderable 
numbers, especially Asierionella. 

In the summer of 1900 the maximum early in September was 
coincident with a maximum of Dapknia hyalina. But 
this was not in itself sufficient to produce tbe maximum- The 
real determining cause was the enormous number of Anabaena, 
Claihrocysiis, and an unnamed alga. Ilie winter maximium was 
characterized by an almost total lack of Crustacea and algae, 
white rotatoria, diatomaoeae, and protozoa in small numbers 
formed tbe bulk of the plankton. 

In the summer of 1901 there was one pronounced maximum 
the last of July. At this time there was a large numlwr of Crus- 
tacea, but tbe size of the collections was mainly caused b^ the 
enormous numbers of Anabaena, Linghya, and Aphanieomenon. 

In Greem lake the maximum of Aug. 1, 1899, was due to tbe 
lai^ number of several of the entomostraca, espe<ually of Diap- 
tomus minutug and Daphnia. The increase of tbe first of Octo- 
ber was due mostly to tbe Crustacea, Diaptonvus mmvitts and 
Cyclops prasinvs being important elem6nt»> while the increase 
in Bosmina is another factor. Tbe rise tbe last of Navembex 
is due mainly to the very large number of Bosminat combined 
with large ntmibers of Asterionella and Sphaerella. 

The striking feature of the Qreea lake curve for the year 
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189^1900, however, is the great mcrease in tihe total plankton 
in February aad March whea the lake was oovered with nearly 
two feet of ice. The entomostraca figuring in this Tnaxingun 
were Diaptomus sicUis and Boamiiui. With these were asso- 
ciated man^ rotatoria. But it waa to Asierionella that the 
greftt increase was mainly due. This oi^uism was present in 
countless numbers. In the mazimtmi in June Diaptomus sicHia 
and oojMjiod larvae were prominent) but here again AsterioneUa 
was periiape the most important 

The maximum of the first of Aagust, 1900, was due to several 
entomostraoa, as in the case of the preceding year. Daphnia 
was less abundant than in 1899 but formed perhape the most 
important factor in the larger maximum of Sept 1. In Hardi 
again occurs a winter maximum, as in 1900, but tiie total is 
much lees. Hiis was caused, as the year beforei, mainly 1^ the 
enonnous increase in Asierionella, ssaociated with great num- 
bers of Synedra pulchella and Synedra acua var. delicatiasima. 

In the summer of 1901 there was a single niaximum in the 
latter part of July in which, as in the former years, Diaptomus 
minvivs played a very prominent pert ; at lUa time, too, Cera- 
tiwn and Dinobryon were very numerous. 

In the winter of 1902 there was again an increase as in the 
two preceding years caused in part by the numbers of Diapto- 
mus sicilis, but more by the enormous numbers of Asierionella 
and Synedra jnilchella. 



COMPARISON OF AMODHT OF PUIMKTOIT IN DIFFEKBNT YSABS. 

It will be seen, by & glance at the curves, that the total amount 
of plankton varies quite widely in the years under considera- 
tion, and the question arises whether there may be plankton 
poor years and plankton rich years. Three summers would 
hardly give material to decide suc^ a question, but it may be 
noticed that the summer production in 1901 was distinctly lees 
in both lakes than in the preceding yeara It is interesting to 
notloe in this connection, die planktm oollections made in a 
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' eeriee of northern lakes about the middle of August in 1900 
and 1901. In all the lakes the collections of 1901 were much 
smaller than in 1900. It would aeem probable then that the 
summer of 1 901 was a plankton poor summer. I do not know 
what reason can be assigned for this fact. It is a somewhat 
significant fact, however, that the curve of mean temperature 
for 1901 differs distinctly from the mean in that it rises sharply 
to a maximum in the middle of July and then detdines rapidly, 
instead of continuing at practically the same height tbrou^ 
most of August as is commonly the case. It is poeaihle that the 
short duration of the extreme hot weather of Bununer may have 
had some effect in reducing the amount of plankton. 

COMPARISON OF PLANKTON IN QBEEN LAKE AND T.*FB 



In comparing the curves of the two lakes, perhaps tiie most 
noticeable difference is the enormously greater summer produc- 
tion in Lake Winnebago. This is due to the very much greater 
production of plants in the shallower lake. Green lake varies 
from the mean much less during the year than does Lake Win- 
nebago. The winter production in Green late is absolutely 
considerably greater than in Lake Winnebago. This, aa has 
been pointed out before is due both to the greater number of 
entomostraca, and to the enormous production of Asterionella 
in Green lalie, accompanied sometimes by a correeponding in- 
crease in the species of Synedra. I can only conjecture as to 
the caiise of tlie greater winter production in Green lake, but I 
think it is possibly connected with the fact that it ia very late 
before it ia frozen over. Lake Winnebago, because of its slight 
depth, is cooled off eariy in the fall and is covered with ioe while 
Green lake is still open and exposed to aeration. The actual 
amount of water in Lake Winnebago is small as compared with 
its superficial dimensions, and its supply of oxygen must be 
much smaller than that of a body of deep water like Green 
lake; thus it seems to me that the oMiditions for animal life 
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must be much less favorable in Lake Wiimebago in winter than 
in Oreen lake. I have very little to offer in the way of proof 
of this suggestion ; it is significant, however, that the only other 
lake from which I have winter collections, — Cedar lake, Wash- 
ington Co., — has an. amount of plankton intermediate lietween 
Green lake and Lake Winnebago. Because of its smaller size 
Cedar lake must be earlier than Qreen lake in freezing over, 
and boauae of its greater depth, — ^nearly 100 feet, — the amotmt 
of water as compared with its area is mnch larger than in Lake 
Winnebago, and we might expect a laiger production of plank- 
ton than in that lake. 

COMPABISOW WITH THE PLANKTON OF OTHEB J^KES. 

The other lakes connected with the Fox river, namely Lake 
Poygan, Lake Wineconne, and Lake Buttee dee Morts, resemble 
Lake Winnebago very olosely in the plankton, but the amount 
is not BO great. Of the other lakes. Pelican and Shawano were 
particularly rich in plankton. Shawano, at the time of one set 
of collections, had more plankton than Lake Winnebago. Peli- 
can, in three of the four years in which examinatifms were made, 
was considerably richer than Lake Winnebago, Both Shawano 
and Pelican are shallow lakes and comparable with Lake Win- 
nebago in their general characteristics. Sand lake in 1899 had 
about the same amount of plankton as Pelican, but much leea 
in the three succeeding years. Stone, Birch, Cedar, and the 
Waupaca lakes may, in a general way, be classed together, all 
having considerably less plankton than the shallower lakes. 

The Eagle River lakes are connected by wide thoroughfares 
BO that they resemble each other very closely, but the larger ones 
seem to have the greater amount of plankton. The same thing 
is true of the Waupaca chain of lakes. 

In the case of the la^;e collections which were made in all 
tlieee lakes, it was the plants also that formed the prominent 
part of the plankton. 

In Table HI have been listed the volumes of plankton as ob- 
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tained in the varioug lakee of tlie state. In addition to what 
baa just been said in comparing the reeults with those in Green 
lake and Lake Winn^iago, aomething should be said of the lakes 
as compared with eadi other. The collections on the northern 
lakes were made in the course of four rapid tripe in four suo- 
cessive years. The oollecticmB of 1899 were made in the latter 
part of September, and those of the sucoeeding years about the 
middle of August The collections were practically synchro- 
nous in each year, and a comparison of the figures is interesting^ 
althou^, as I have said in another part of this paper, one mnst 
be careful about drawing inferences from a small nnmbw of 
collections, and it is only averages upon which one can place 
much reliance. 

In the following table, in which I have listed the lakee of 
this circuit for the sake of comparison, I have placed first BirA 
and Stone lakee which belong distinctly to the class of small 
deep lakes, next Sand lake, which is intermediate between the 
two classes, then the Clover Leaf lakes, which, although shal- 
low, yet because of their small size, have a marked thermodine; 
the rest of the list belong distinctly to the shallow lake type. As 
the Eagle River lakes do not differ materially in the amount of 
their plankton, I have listed only one, the largest, — Eagle lake. 
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When one examinee this tabl^ the d^ree of uniformity in 
successive jears is somwhat surprising, for we must expect an- 
nual variatioua in the mazima of the total plankton. I have 
already called attention to the fact that all the collections of 
1900 were larger than those of 1902. This was eepeoiallj 
mlarked in the cnso of Birch, Stone, and Sand lakes, and was 
lai^l; due in each case to the greater number of orustacaa, ee- 
peoially of the Diaptomi; in Sand lake there was also a larger 
number of the algae in 1900, but it was in the oruatacea that 
there was the greatest difference. 

The large collection in Shamiwik in 1902 was due in the 
main to the comparativdy lai^ number of Daphnia pvUcaria; 
the great size of this form makes it^ when preeent, an impor- 
tant factor in the total plankton. 

In the distinctively shallow lakes, Eagle, Pelican, and 
Shawano, the uniformity in the successive years was very 
marked, the differences being hardly greater than might be ex- 
pected from hauls made on successive days in the same year. It 
will be noticed that the uniformity in the oase of the shallow 
lakes is much greater than in the deep lakes. 

In comparing the lakes with each other at each period of col- 
lection we find that Pelican, has the greateet amount of plank- 
ton in the last three years, but was outranked by Sand lake in 
1899. This large amount of plankton in Sand lake in 1899 
was due to the abundance of "bloom," in which the most 
prominent plant was Anabaena. I think this is an exceptional 
record for Anabaena for, as I have stated before, the plants of 
the bloom flourish especially in warm weather, and we should 
not expect them late in September. The time of the coUectJon, 
too, had been preceded by cold weather, and on the day of the 
collection ice had formed by the roadside in the morning. 

Eagle lake was a constant second to Pelican in the years un- 
der examination. In regard to the other lak^ there seems to 
be no fixed order of precedence. 

In comparing the years 1900 and 1901 it is interesting that 
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tho relative difference is much greater in the caso of the deep 
lakes than is true of the shallow lakes. 

I have already remarked, in comparing the plankton of Grewi 
lake with that of Lake Winnelsago, that Green lake has the 
greater amount of plankton in the winter, and J*ke Winnebago 
the greater amount in the summer. I think we maj saj that 
this general comparison holds in regard to all deep and shallow 
lak^. The deep lakes because of the later data of freezing, 
the larger amount of water, and hence the larger amount of 
available oxygen, will have a greater amount of winter plank- 
ton, while the shallower lakes will in summer have the greater 
amount of plankton because of the favorable conditions for 
plant growth produced bj the higher temperature of the water 
and the relatively large area of the bottom that is reached by 
the sunlight 
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CHAPTER I!!. 



DISCUSSION OF RESULTS- 



YAI.UE OF PLANKTON COLLECTIONS. 

It is a little difficult to state just what value should be placed 
on the measurement of plankton collections in limnology. 

It 19, of course, evident diat such collections give material 
for the qualitative determination of the fauna and flora, so that 
lakes can be compared with each other with reference to the 
distribution of forms. Care niust be taken in this, however, 
unless the lakes are under examination for a long period of time^ 
for, while in general the annual appearance of any form will be 
at about the same time in all lakes, nevertheless this appear- , 
ance is subject to considerable variation, partly from differencee 
in local oonditions^and partly from differences in odier condi- I 
tions of environment ; I think there is no doubt that the algae of I 
the "bloom'" may differ in their maximum periods not only days, 
but perhaps weeks, when the lakes appear to have similar oondi- ' 
tions. Thus it may happen that a form may be abundant 
in one lake, and absent or present in small numbers in anoth^ 
at any given time, but later or earlier it may be abundant in the 
second lake. The absence of a form at a partimilar time is not 
always proof that the form is never present. For example, 
Diapiomus sicilis might easily be overlooked in the fauna of 
Green lake if we were to depend entirely on summer collec- 
tions, or Cyclops pidchellus. in Lake Winnebago if no winter col- 
leotons were made. As has been indicated already, also, 
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forma may be very abundant in one jear and either ontirdy 
lacking or present in small numbers in another. 

So even for qualitative delenninations^ it is necessary, if me 
would be Btrictly accurate, to make coUectiona not only at all 
seasons of the year, but for a series of years. 

When one makes plankton measurements, and cmnpares one 
lake with another from such records, the resulto are valuable, 
but it must be recc^ized that they are subject to certain Bourcee 
of error. It has been already indicated that the horizontal dia- 
tribution of the plankton is remarkably uniform. Yet this uni- 
formity is subject to wide variations, so that inferences frcna 
single plankton collections might be very erroneous. Safety ia 
drawing conclusions lies only in averages, and the larger the 
number of collections from which those averages can be drawn 
the safer are the conclusions. 

It follows, I think, that refinements in plajikton measurement 
are unprofltable. It must be acknowledged that the measure- 
ment by settling is inaccurate, and that the use of the centri- 
fuge, while more accurate, nevertheless still leaves a large 
margin of error. Of course measurement by weighing is exact, 
but the results hardly justify the labor necessary, 

I would not have it understood, from what has just been said, 
that I would throw discredit on plankton measurement, for diia 
paper is evidence of the importance I attach to it, but I wish to 
emphasize the fact that such measurements never can have tha 
merit of exactness, for allowance moat always be miade for 
error. 

It is very desirable if lakes are to be compared with each 
other in regard to the amount of plankton, that they should be 
under continuous observation for a long time, preferably for a 
term of years, for there may be considerable differences in the 
plankton of successive years. 
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HELATIVE IMPORTANCE OF PLANKTON CON8TITDENT8 IN 
PBODTJOIira MAXIMA. 

In Lake Winnebago and shallow lakes of a eimilar type it ia 
PTideut that the great maxima are produced by plants. We 
hare found in the discussion of the Lake Winnebago plankton 
that! certain cladooera, like Eurycercua, sometimes form an im- 
portant part of the plankton, but it may be said generally that 
all large maxima are dependent for their size on plants. 

In deep lakes of the type of Crreen lake^ the cmstaoeaj as oom- 
pared with the plants, are much more abundant than in the ebal- 
low lake, but even here, too, the plants, especially Uie diatoms, 
are to a considerable extent responsible for the maxima. This 
is shown very strikingly in the March maxima of Oreen laka 

It will be noticed, too, that when erustacea are largely im- 
portant in producing plankton maxima, it is not as a rule the 
result of the development of a single kind, but the result of the 
simultaneous development of several kinds. 

In the discussion of the total planktion of the lakes in the 
northern part of the state, I have stated that die August plank- 
ton of the shallow lakes in successive years is more uniform than 
that of the deep takes. This is explained, I think, by the 
greater relative importance of the erustacea in the deep lakes, 
for there is greater variation in the maxima of the cmstaoea 
dian in those of the "bloom." In plankton oolleotions cover- 
ing a period of years, we may expect the curves for the shallow 
lakes to show much greater uniformity than those of the deep 
lakes because of the greater importance of the veigetable part 
of the plankton. 

OOUPASIBOn OF PLANKTOK AND TBMPE&ATUBB OTTItTSS. 

The temperature curves of the lake waters are similar to the 
mean curves of die localities in which the lakes are situated, 
with of course fewer variations and with a summer maximum at 
a somewhat later period. He summer maximum of the snr- 
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face in Green lake ordinarily oomes in tlie early part or middle 
of August, while the annual mean of tiiis part of the state has 
its maximum about the middle of July, Lake Winnebago, be- 
cause of its slight depth, warms up more quickly and cools with 
corresponding quickness. 

In comparing the temperature curves with the total plankton 
curves we find only a general resemblanoe. Tlie greatest 
amount of plankton, generally speaking, is found in the hottest 
months. Remembering what I bare said before, that the plank- 
ton is largely dependent for its amount on the plants, this is 
what would be expected, inasmuch as a high tonperature is fa- 
vorable to plant growth. In some cases a maximum seems to 
follow the period of highest temperature, but this is by no 
means always the case. Inasmuch as plants are more impor- 
tant in the plankton of the shallow lakes, it follows that tlie 
plankton of such lakes follows the temperature curve more 
closely than does that of the deep lakes. The deep lakea hava 
annual conditions more closely approaching unifonnity, hence 
the variations during the year are less marked, and as they 
never reach the high summer temperature of die shallow lakea, 
they never have such a lai^ production of plants like Oloio- 
trichia, Anabaena, and Lingbya. 

The fact^ too, that the Crustacea form so much greater pro- 
portion of the plankton in the deep lakes, makes the correspond- 
ence with the temperature curve less, for somie of the crustacea 
have winter maxima. 

In comparing the annual curves of, the Crustacea, it appears 
that the summer maxima of most of them came somewhat 
earlier in 1899 than in 1900, This does not seem to be true 
of the general plankton. I have been interested to know what 
made the difference, but I am not sure that I have deteoted the 
real reason. The maxima of the general plankton, as has been 
said, are largely dependent on the plants rather than the ani- 
mals. It would seem then, that the cause whidi made the 1899 
summer maxima of crustacea greater than those of 1900 must 
have been something that would affect crustacea but would not 
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affect plants. A oomparison of the temperature curves of the 
two years showB ljiat the aumraer maximum came somewhat 
earlier in 1899 than in 1900- Thia might explain tlie earlier 
maxima of the cruatacea, but I do not quite undestand why 
the plants should not have been equally affected. 

COMPARISON OP CUEVE3 OF TOTAL PL4NKTOIT WITH CTJBVB8 0» 
PLANKTON CONSTITUENTS. 

As has already been noted, the curves of plant production 
follow very eloaely the curves of total plankton, for it is to plants 
that the great differences in the amount of plankton are due. 
There are some marked exceptions to this general rule, like the 
great maxima of certain of the diatoms. 

In general terms it may be said that the curves for animals 
also follow the total plankton curves, moat of them reaching 
their maxima in the summer months. There are many excep- 
tions, however. Some of the Crustacea are perennial in tlieir 
occurrence, and some have winter maxima. Some of the roti- 
fera, too, occur only in the winter mlonths. Generally speak- 
ing, it is in the deep lakes that we find more of those animals 
having winter maxima, although there are some exceptions. 
Some of the Lake Winnebago rotifera, for instance, are found 
only in the winter season. It is evident, however, that the 
greater uniformity of conditions in the deep lakes would make 
winter production more possible. 

HORIZONTAL DISTRIBUTION. 

One of the questions to which especial attention was paid 
was the matter of the uniformity of horizontal distribution. I 
discussed this question in some detail in a former paper 
(Marah '97, pp. 218-223) expreeaing my own belief that tho 
numbers of Crustacea might vary -widely in different parts of 
a lake, and that they mig^t, at some times, be aggregated to- 
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gether in swarma, but I did not attempt to explain the reaaon of 
the existence of awarms. I also stated my belief tliat single 
plankton collections might give erroneous impressions, and 
that an accurate measure of plankton could only be obtained 1^ 
averaging a considerable number of collections. 

Beigbard (Keaghard '98) acknowledges tlie uniformitj of 
distribution of the individual constituents of the plankton. 
Yung (Yung '99), as the result of his studies on the plankton 
of Lake Leman, states positively that the horizontal distribution 
varies within wide limits and that there is no doubt of the ^- 
isteoce of aggr^tions of organisms in certain localities. Ha 
causes of these a^;regatioiis he states are diverse, but intimates 
that sometimea currents may acoomplish this. 

Steuer (Steuer '01) states that in his <^inion there is ao 
further call for discussion, but that it must be admitted that 
under similar physical conditions the?» will bo uniformity in 
horizontal distribution. He does not, however, give the reasons 
for this opinion. 

While I felt quite sure that my position on the question was, 
in the main, correct, it seemed to me desirable to make a con- 
siderable number of collections to test tho oorreotness of my 
statement in a somewhat conclusive way. 

Two questions presented themselves for solution. Pirst, the 
comparative amounts of the plankton at different parts of the 
lake at any given tima Second, if it was proved that there 
was a difference in horizontal distribution, is this a fairly oon- 
atant difference between any two localities, or is it one that may 
vary from day to day or imta hour io hour ? 

To answer the first question, at several times collections were 
made at a considerable number of locations on the same day. 
The following table will show the results. In preparing this 
table, I have listed no collections where less than four locations 
were tested. In most cases the figures for the plank:tcm were 
the average of three collections. 
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Table showing comparative nmounla of plankton at different 
parte of the lakes at given time*. 



Name of Lake. 



Lake Winnebaso 

Lake WioDebago 

Lake Wiooebago 

Lake Winnebago 

LckB Winnehago 

Lake WiiiDobagro 

Iiake Winnebago 

Lake Wianebago 

Lake WioDcbBgo 

I^ke WiDDebat'O 

Lake VVinDeba^o 

Lake WiDQebago 

Lake Winnebago 

Lake Winnebago 

Lake Winnebago 

Lake Winnebago 

Iiake Wionebago 

Luke Winnebago 

Lake Winnebago 

Lake Winnebago 

Lake Winnebago 

Lake Wmnfbago 

Lake Winnebago 

Lake Winnebago 

Lake Winnebago 

J^B Winnebago 

Itfke Winnebago 

Lake Winnebago 

Lake Winnebago 

Lake Winnebago 

Lake Winnebago 

Lake Winnebago 

Lake Winnebago 

Lake Winnebago 

Lake Winnebago 

Lake Winnebago 

Lake Winnebago 

Lake Buttea dee Morts 

Idike fiut(«a defl Morts 

Lake Buttee dea Morts 

Lake Buttea dea Morts 

Lake Buttea dea Moris 

I^ke Buttasdes Morta 

Cedar li^e, Washington Co. . . 
Cedar lake, Washtogton Co. . . 
Cedar lake, Washington Co. . . 
Cedar lake, Washington Co. . . 
Cedar lake, Washington Co. . . 



1E93 

July 10 

July 10 

July 10 

July 10 .... 

July 10 

July 11 

July 11 

July 11 

July 11 

July 18 

July 18 

July 19 

July 18 

July 18 

July 18 

July 18 

July 22 

July 32 

July 22 

July 22 

July 22 

July n 

July 27 

July 27 

July 27 

July 27 

July 27 

Aug, 4 

Aug. 1 

Aug. 4 

Aug. 4 

Aug. 22 

Aug. 28 

Aug 22 

Aug. 22 

Aug. 22 

Aug. 22 

Aug. 24 

Aug. 24 

Aug. 24 

Aug. 24 

Aug. 84 

Aug. 24 

Aug. 4 

Aag. 4 

Aug. 4 

Aug. 4 

Aug. 4 



154.7 
59.5 
101 15 
t3 3 
41 65 
62.49 
50.5 
107.1 
1.% 
107 1 
172 55 
1G3.74 
1.H9.94 
72 83 
119. 
245.8--> 
206 11 
333 2 
130.9 
144.70 
126 85 
204.86 
2i6 1 
191 45 
261.8 
224 S 
1.30-9 
83.3 
121.95 
91.15 
166 6 
154,7 
154 7 
154.7 
1.30.9 
190.4 
95 2 
66.61 
107.1 
1.% 9 
111 S4 
59 B 
134.05 
119. 
130 9 
130.9 
130.9 



09 234 
09 2% 
09 151 
89.165 
09. IBS 
99.158 
90.159 
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Table showing comparative amounts 0/ plankton at different 
parts 0/ the lakes at given timet — contiauod. 



Name of Lake. 


Date. 


Amount 
ol Plank- 

tOD. 


Coll. No. 


Cedar lake, WaahiogtoD Co. . . 
Cedar lake, WaBhington Co . . 
Cedar lake, Washington Co. . . 
Cedar lake, Washington Co. . . 
Cedar lake, WaahioKton Co... 
Cedar lake, Washiogton Co. . . 
Cedar lake, Waahington Co... 


Uar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 

July 
July 
July 
July 
July 
July 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
A»g. 
July 
Jul? 
July 
July 
July 
Aug. 
Aug. 
Aug. 
Aug. 


1900 


57.6 
59.6 
90.41 
83.3 
7L.4 
69.5 
9.5S 

111 15 
85 30 
87 35 
81.10 
107.1 
111.15 
m.76 
95,2 
2.?.8 
62.36 
95.2 
92 34 
53.55 
95.2 
89.25 
86.28 
81.33 
107.1 
110.08 
101.15 
130.9 
117.10 
lU.2t 
112,57 
119. 
130.9 
S19.9 
220.15 






0.17 












SO 








0.22 


1899 




















99.08 


















99 166 












99.169 














ake Poygan 












6 


90 176 


















99.179 








I*ke Winneconne 


6. 


99.181 


















99 111 






























99.188 
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The stations where these colleetiona were made were chosen 
much at random, with the exception of those in Cedar lake, 
which were for the moat part in the limnetic region. In many 
eases the stations of a given date were widely separated. In 
lakes Poygan and Winneoonne they were scattered from one 
snd of the lake to the other. In Lake Winnebago most of them 
were within two or three miles of the laboratory at Stony Beach. 
The rooite traversed on July 18, however, must have covered 
16 or 18 mile& 

In looking over the table, the amount of uniformity is cer^ 
tainly very striking. This is especially true of the collections 
in Cedar lake on Aug. 4, 1899, when five collections varied only 
from 119 to 180.9. These collections were all made in the lim- 
netic r^on, and the depths at the different stations did not 
vary greatly. 

The collections made in Cedar lake on March 24, 1900, were 
made through the ice, and the depth at the different stations 
varied from six meters to thirty-one meters. Collections 0.18, 
0.19, and 0.20 were made at a depth of thirty-one meters, the 
depths at the other stations being as follows: 0.16 thirty meters, 
0.17 twelve, and 0.22 six. There would seem in these collections 
to be a connection between the depth and the amount of plank- 
ton. This is perhaps, as would be expected, for the tempera- 
ture conditions in winter are practically uniform for all depths, 
and as temperature is one of the most important factors limit- 
ing distribution we might infer that increasing depth, under 
such conditions, would tend to increase the amount of plankton. 

Winter collections made on Green lake at other dates, not 
listed in the fore^ing table, seem to confirm this generalization 
that during the winter months in a deep lake the amount of 
plankton varies, in a general way, with the depth. 

These facts in regard to the muter plankton led me to look 
over my notee to see whether there was evidence of any similar 
difference in the summer- My only available collections for 
this purpose were those made on Green lake, for the collections 
from Lake Winnebago were nearly all taken from what was 
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practicallj a uniform depth, and the collections from other 
lakes were not numerous enough to have much bearing on the 
qufiBtion; it is interesting to notice^ however, that in ooUectiona 
made in Birch lake in September, 1890, and August, 1900^ 
v4uch were made at different depths, the amount of plankton 
varied with the depth. It appears from the Green lake coUeo- 
tions that there is a distinct relation between the depth and the 
plankton, the amount of plankton incffeasing with the depth, 
but this difference is much less marked in summer than in 
winter. 

I do not remember to have seen any statements bj o&et 
authors of the effect of depth on plankton. It is known, a£ 
course, that there is a difference in amount between littoral and 
limnetic plankton, but I think it is without doubt true, that in 
the limnetic plankton, deptli is a factor in distribution, the 
variation in accordance with depth being most clearly marked 
in the winter. It does not follow, of course, that the deeper 
lakes necessarily have tJie greater amount of plankton — thie 
certainly ia not true, hut simply tliat depth, in any given lakey 
is a factor to he considered in horizontal distribution. 

In the ooUections from Lake Winneoonne, the uniformr 
ity is very marked. In tliis case the collections were made at 
different locations over the lake, and may be considered as 
typical of the whole lake. This is tnie in this lake, however, 
that the conditions vary little in different parts of the lake^ and 
WB would espect greater uniformity. 

In Lake Poygan the conditions are much as in Lake Winne- 
o(»ine, both lakes being expansions of the Fox river; it is shal- 
low, the depth varying but little, with low swampy shores. We 
should expect, of course, a somewhat different fauna and flora 
in the weeds alongshore from that existing in the limnetic re- 
gion. But in the limnetic region, where the coUectiims were 
taken, the winds and tiie currents must produce all the diangM 
in environment While the plankton differed more in Poygan 
than in Winneconne, yet, if we throw out 99.169, the variation 
is not very great Thia collection was mjide in a place bot- 
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rounded by weeds, and it was noted at the time of the collection 
that the water was remarkably clear, although in most parts of 
the lake it was quite opaque because of the presence of vegetable 
matter. 

In Shawano lake the variation was somewhat greater than in 
Winneconne and Poygan. Shawano varies more in its depths, 
but otherwise the conditi(ms are much as in other lakes. 

It waa from the collectioua made on Lake Winnebago, how^ 
ever, that I hoped for the most conclusive results. These were 
made in considerable numbers and at such widely separated lo- 
calities that it seemed to me it would be a fair test of the uni- 
formity of horizontal distribution. 

I have placed in the foregoing table the amounts of plankton 
obtained in Lake Winnebago on seven different days when col- 
lections were made at several locations. The amount of uni- 
formity is certainly very remarkable, and was, I must confess, 
somewhat disheartening to me, for I had a theory to maintain. 
The variation does not, in any case, exceed the limits which 
Eensen says are compatible with uniformity, as he defines the 
term. 

In former papers (Marsh '97, and Marsh '01), I have dis- 
cussed this subject in detail, but the results of these collections 
in Lake Winnebago and adjoining waters have led me to modify 
somewhat the opinions then expressed, althou^ I think they 
were, in the main, correct There seems to be no question that 
in Lake Winnebago the horizontal distribution of the plankton 
is practically uniform. How th^i can I explain the results of 
flollections as given in my formier paper (Marsh '97) t In 
the former paper I waa discussing onlv crusfacea, and came 
to the conclusion that some of them were at times present in 
aggregations which mi^t be called swarms. These aggrega- 
tions have been noticed by other observers, as for example 
Bii^ (Birge '97, 871). 

I acknowledge now that I have, in the past, attached too much 
importance to emstacea as an element in the plankton. A3 
will be shown later, Hie controlling element in the amount of 
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plankton is the vegetable material. This is especially true in 
sfaaUc'W lakes in which the Crustacea form; relatively a much 
smaller part of the plankton than they do in the deep lakes. 
The conclusions which I reached in my former papers were very 
largely derived from work on Green lake, in which the Crus- 
tacea are more abundant than in Lake Winnebago, not only rel- 
atively to the vegetable oi^anisms, but absolutely. It would 
follow that aggr^;ation3 of cnistacea would affect the total 
plankton much more in the deep lakes. In lakes like Lake 
Winnebago Crustacea eeldom form a controlling part of the 
plankton except when, large numbers of certain of the dadocera 
are present, and then the total may be appreciably affected. 
For instance, in the collections listed for July 10, '99, Hie 
larger totals were caused by the presence of Burycercus which 
was present in unusual numbere, and the evidence from my ool- 
lections seems to show that Burycercus occurs in moving aggre- 
gations or swarms that perhaps move under the influence of 
slow currents. 

The collections from the deeper lakes, like Green lake and 
Stone lake, show greater differences when taken on the same 
day at different localities than do the collections from shallow 
lakes. In these deeper lakes the Crustacea formi a larger pro- 
portion of the plankton. 

My conclusions then are as follows: 

1. I must acknowledge that the uniformity of horizontal dis- 
tribution is greater than I had formerly supposed. 

2. Variations in uniformity, when general conditions remain 
the same, are largely due to variations in the numbers ijf Crus- 
tacea. 

3. Inasmuch as cnistacea in deep water lakes are not wily 
more abimdant relatively to the plants, but are absolutely more 
numerous, it follows that the horizontal distribution of tie 
plankton in deep water lakes will be less uniform than in shal* 
low water lakes. Large variations in the horizontal distribution 
of the plankton in shallow lakes will only be noticed, under ordi- 
nary conditions, when, for some reason, there is a local aggre- 
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gation of some of the larger cladooera, such as Dapktua or 
Eurycereus. 

4. In wiDter the bortzoatal distribution of plankton in deep 
water lakes will bear a more or less close relation to the depth. 
This is explained by the fact that temperature is one of the 
most important factors in the control of the distribution of tlie 
plankton, and in winter the uniform temperature of the whole 
depth of water malces poesible a larger production of planktcm 
in deep water than in shallow. 



COMFABISON OF PLANKTON COLLECTIONS OVEE MCDDT AND 
8TOBT BOTTOMS. 

As intimated earlier in this paper, in the regular collections 
on Lake Winnebago, one series was made over the muddy bot- 
tom, well out in the lake, and another over the stony bottom 
nearer shora The average of the collections made in the 
summer of 1899, when they were made daily through "the 
months of July and August, seems to show that the collections 
over the muddy bottom were decidedly lai^r than those over 
the stony bottom. This difference may be explained by the 
different effect of the character of the bottomi on the plankton, 
or by the effect of the slight difference in deptb. I have shown 
elsewhere that the depth has an influence on the amount of 
plankton, and it is entirely conceivable that in the averages of 
a large number of collections, a difference of a meter or so in 
deplJi may have had a marked effect on the amount luas- 
muoh as the greatest depth at which collections were taken waa 
only about five meters, a difference of a meter would mean a 
difference of twenty per cent., which might have a decided in- 
fluence on the amount of plankton. I am, therefore, inclined to 
explain the difference between the muddy bott<mi and the atony 
bottom as due rather to the difference in depth than to the dif- 
ference in. the character of the bottom. 
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CHAPTER IV. 



DISTRIBUTION OF SPECIES. 

QEOOKAPIIICAL DISTBIBtlTION. 

/ Tbe ease with which plankton forms can be carried from 
/ place to place makes it unlikely that any lake will have a pecu- 
liar fauna or flora. The agencies by which this distribution 
is brought about have been fully discuased in other papers. 
Except, then, as the physical conditions are distinctly differ- 
ent, we should expect uniformity rather than diversity. As 
has been intimated already, ther" is a distinct difference be- 
tween the constituenta of the plankton of the Great Lakes and of 
smaller bodies of water, and in the dmatler bodies there is a 
marked difference between the deep lakes and the shallow lakee. 
I have already discussed the distribution of Cyclops hrevtspi' 
nosus and Cyclops pvlchellus, the first, as a rule, being confined 
to the shallow lakes and the latter to the deep ones. 

Diaptomus oregonensia is common to all the shallow lakes. 
Diaptomus minuius is not found in Lake Winnebago and the 
lakes immediately connected with it ; it occurs in the deep lakes, 
but is not strictly confined to them, as it may be found in others, 
especially in those that are further north. 

Cedar lake, Washington county, is peculiar in being the only 
lake in the state in which I have found Diaptomus sicUoidea. 
This is common in the states to the south and weet of us, and 
it seems probable that it may be found in other lakes in Wi»- 
C(nisin. 

Pelican lake is, I believe, the only lake of any size, which 
■does not have large numbers of Diaptomus. I made a lai^ num- 
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ber of collections at different times without finding a single 
Bpecimen of this genus, and I had eoucluded that it was en- 
tirely absent from the lake, tut in 1900 I found two or three- 
individuals. This absence of Diapiomus is one of the most pecu- 
liar facts in distribution which I have nm across. Pelican 
lake is a large body of water, with a maximum depth of about 
twelve and a half meters and with a large amount of plankton. 
It is considered a fine fishing lake, and one would expect an 
abundance of the ordinary Crustacea of the plankton. 

In the collections on the northern lakes work was carried on 
in tvi'o distinct drainage areas and I was interested to eee 
whether any difference in the faunae and florae of the two areas 
could be detected. As I expected, there was no difference ex- 
cept that due to the difference in depth and general physical 
conditions of particular lakes. 

Generally speaking, the result of theee collections was to con- 
firm the statementa made by other authors and myself that there 
is practical uniformity in the fauna and flora of lakes over wide- 
extents of territory, except as differences in depth produce con- 
ditions of especial character. It is strange however, that with 
this general uniformity tJiere should be cases of isolation like 
dat of Diaptomais eicUoidea in Cedar lake or of failure of oo- 
enrrenoe like the lack of Diaptonws in Pelican lako; 

In the discussion of the means by whidi organisms are dis- 
tributed from lake to lake I am inclined to think that too much 
importance has been attached to the work of water fowl. Whiley 
doubtless, it is a proven fact that water fowl carry organismSr 
seeds, and e^s, from lake to lake, I imagine this is a very 
minor factor in distribution. It is a fact that communicating 
bodies of water are pretty certain to have the same fauna and 
flora. This is very noticeable in the lakes in Michigan which 
are connected with Lake Michigan, for their faunae are iden- 
tical with that of the larger 1ak& The same is true of Lake 
Winnebago and its connecting waters. When lakes are pret^ 
distinctly separated from each other, there is likely to be a dif- 
ference in fauna and flora. In other words "isolation" playa 
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I a large part in produdng differences in lake faiinaa The 
chance planting of certain forma may determine the character 
'of the fauna for a long period. Everything in Greeni lake 
would Bcem to favor the growth of Cyclops pulchellus as tiie 
limnetic form of Cyclops. That it does not exist there, it seems 
to me, must be simply because it has not been planted, and there 
19 no way it can reach that lake except through the agency of 
water-fowl. Dtaptomus siciUndes in some way got a foothold 
in Cedar lake, and remains there because of its isolation and is 
not carried to other lakes, because there are not suitable connect- 
ing bodies of water, 

I have noted in a former paper (Manth '95), that DiapUwvus 
Reiglmrdi was found only in a few lakes in the northern part 
of the southern peninsula of Michigan. If wat»r-fowl readily 
carried entomostraca from one body of water to another, it 
would seem very strange that this speciee should not appear in 
the lakes in northern Wisconsin, instead of bedng confined to 
such a narrow habitat. It ia noticeable, too, that Diaptotrws 
Rei^hardi in Michigan is, for the most part^ found in lakes 
closely connected with each other. 

It appears, then, that isolation caused by the physical con- 
figuration of the country will tend to produce distinct differ^ 
«ncee in plankton constituents, in spite of the other causes whi<^ 
may be at woA to distribute animals and plants. 



COMPARISON OP THE FAUNAE AND FLORAE OF DIFFEKENT 
CLASSES OF LAKES. 

The preceding subject leads naturally to the question of the 
faimal and floral distinctions between the diflferent classes of 
lakes. The classification, as made in the earlier part of this 
paper, was based on physical distinctions which miist affect 
the environment and produce characteristic differences in the 
animals and plants. As a matter of fact it was such differences 
■which first led me to suggest the division of lakes into deep and 
shallow. 
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In the discussion of the annual occurrence of the various oi^ 
ganisms, these differences have already been noticed in detail, 
but it may be well to present them in a summarized form. 

In the case of plants the distinction between the different 
classes of lakes is more quantitative than qualitative, for the lit- 
toral conditions of deep lakes are such as to permit a great 
variety of forms, although they do not allow any large multipli- 
cation of numbers. So that while the plant production in the 
shallow lakes is vastly more prominent than in the deep lakes, 
most of the species of tlie shallow lakes can be found in greater 
or less numbers in the deep lakes. 

CUUhrocystis and allied forms, and OscUlaria, however, may 
be considered peculiar to shallow lakes. Gloiotrichna, too, is a 
shallow lake form, but not exclusively so, as it occasionally 
occurs in laj;ge numbers in a deep lake. 

Anabaena is the ordinary form of the "bloom" of the deep 
lakes but it is not peculiar to them, but is even more abundant 
in the shallow lakes. Of the protozoa, CeraHum is character- 
istie of the deep lakes. It occurs in shallow lakes, but in lim- 
ited numbers. I do not find that Dinobryon, can be considered 
as characteristic of any class of lakes, although European au- 
thors have made the distinction between Chroococcaceae and 
Dinobryon lakes. So far as our Wisconsin lakes are concerned, 
Dinobryon can not be said to be characteristic of any claas of 
lakes. Of the rotifers, Notkolca longispina, while found in 
both classea of lakes, is found characteristically in the deep 
lakes; there it is common and sometimes in great numbers. 
Conochilus, while not found in all shallow lakes, seems, neveiv 
theless, to be pretty well confined to this type. Of the other 
rotifers, it can hardly be said that they are characteristic of 
either class of lakes. 

Of the Diaptomi, D. sicilis belongs distinctly to the large 
deep lakes although it may be found as a migrant in some of the 
Michigan lakes, connected with the Great Lakes. D. tmnutus 
belongs to the large deep lakes but not exclusively so, for in 
northern Wisconsin and noiihem Michigan it may be found in 
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cioitie of the shallow lakes. D. Ashlandi has nerer been found 
outside the Great Lakes, and certain bodies of water immedi- 
ately connoeted \rith them. D. oregonensia is tyjaoal of the 
shallow lakes, but occurs in some lakes that would naturally be 
classed with the deep lakes, like Lake Mendota. 

Ejnschura lacusiris is not confined to any class of lakes, but 
is more common in the deeip takes. 

Livmocalairws macrurus is found only in the large deep lakes. 
Of the lakes within the limits of Wisconsin, only Qreen lake 
and I^e Genera seem to furnish the necessary environment of 
low temperature with a certain amount (^ circulation. 

I have already discussed the distribution of Cyelope brevi- 
■ epinoaus and Cyclops jndch-ellus. Of tie species of Cyclops, 
G. pvichellus is, generally speaking, characteristic of the deep 
lakes. The other species are common to both classes of lakes. 
C. brevispinoaus, C. ptdchellus, and C. prasinus are limnetic in 
habit, C. Lextckarti is common to both the limnetjo and the lit- 
toral regions, while C. fuscus, C. tdhidua, and C. serrvlattta are 
littoral species- 

Of the cladooera, Leptodora, Daphma hyaUna, Bosmina, 
IHaphanosoma, and Chydorus are common to all classes of 
lakes, but BosTnina is much more numerous in the deep lakfl6>. 
and Leptodora and Diaphanosoma are found in greater num~ 
bers in the larger lakes. Daj^rUa pulicaria is found for tlie 
most part in the small deep lakes, while Eiurycereua, wbicb oc- 
curs in such numbers in the plankton of I<ake Winnebago, i» 
never found in the limnetic collections of the Beep lakes. 

Peculiar to the abyssal fatma of Green lake are Myais and 
Pontoporeia which are abo abundant in the abyssal fauna of 
the Great Lakes. 

To sura up, while most of the constituents of the plankton ■ 
are coimnon to all classes of lake^ some few species are confined 
strictly to one class of lakes, while some of the others may be 
considered characteristic of one class, although found in smsU i 
numbers in other classes. The following may be considered I 
characteristio of the deep lakes: Ceratiutn, Notholca longi" 
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tpma, Diaptonws aicilia, Cyclops pulchellus. Peouliar to tbe 
lai^ deep lakes are Limnocalanus macrurus, Mysis, and Pan- 
toporeia, all being fonna favored by the deep water conditiona 
of the lakes of thia class. 

Diaptorrvus Ashlaiidi should be added to tbe forms found only 
in large deep lakes, although it is not common to all large deep 
lakes, but is peculiar to tbe Great Lakes. 

Daphnaa pulicaria may, I think, be oonsidered a distinctiTe 
form of tbe small lakes, although sometimee found in lakes that 
perhape would not fall in this dass. 

The following may be considered as distinotively shallow 
lake forms: Clathroeystis, Oscillaria, Diaptomvs oregonejisis, 
and, perhaps, Eurycercus. The dadooera are nauch more abun- 
dant both in numbers and in speciee in the shallow lakes than 
in the deep lakee, but the forma are not peculiar, as th^ are 
generally littoral forms which have become limnetic in the lakes 
where the littoral and limnetic environments are very similar. 

COMPABISON OP PL&ITETON OF 8D0CB3SIVE YSABB. 

It is evident that the plankton varies greatly in one year as 
compared with another, and that the variation has uo immedi* 
ate connection, in many cases, with differences in annual tem- 
perature. I take it that the variations may be explained by tiie 
relations of the organismB to each other- 
It has been a favorite notion of many biologiats, in which I 
have shared, that the balance of life in a lake undisturbed by 
man is maintained with a good degree of exactness ; that the 
animal production is based, in amount, on the plant production, 
and tliat the number of predaceoua animals is conditioned on 
the numbers of the animals that serve as their prey. It would 
follow, of course, that in a lake where there were great poBfd- 
hilities in the way of plant growth, there would be a correspond- 
ingly large number of animals. From this has arisen the com- 
mon inference that it is the shallow lakes, in which the amount 
of vegetation is greatest, that are the best for the production of 
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fish. It has also been inferred, — I have made the statemeot 
mjself, — that inasmuch as in a state of nature tiiere must be 
brought about an equilibrium between plant and animal growth, 
it is possible Uiat man in his work of fish planting may disturb 
this equilibrium so as to interfere with the higheat produetive- 
nees of a lake; for it seems apparent that if an equilibrium be- 
tween plants and animals is onoe established, the introduotion 
of anj considerable number of either plant-eating or predaceous 
animals would bring in an element that would disturb nature's 
balance. The result of my work on these lakes leads me to 
^nk that this idea is very far from correct. Of course, it is 
true that in tlie l(»ig run a balance will be reached, but there 
may be wide swings of the pendulum on either side of this con< 
dition of equilibrium. It is evident that the maxima, under 
similar conditicoiB of light and temperature are not reached at 
the same time in different years, nor is the annual rotation of 
forms the same in different years. Some animals, according 
to Birge, seem t£> have biennial periodicity, but others, in whidi 
this is certainly not the case, appear in great numbers in some 
years and not in others. There is great variabOi^ in the aa- 
nual records of a lake It is apparent that certain forms, im> 
der favorable conditions, — conditions which it is frequently im- 
possible to define, — seem to get su^h a start in tlie competition 
of life that they are produced in great numbers in some yeais, 
while in others they may hardly appear. Some animals, if the \ 
expression may be used, seem at times to get a momeaitum wbidi I 
carries them on to great production. When one stops to think 
of it this is no more than would be expected. Just as weeds 
overrun a farm, so certain forms of aquatic vegetation may. 
overtop everything else in a given year's production. The con- 
dition of a lake cannot be compared with that of a forest un- 
touched by man, for in the forest the vegetation is largely per- 
ennial, while in the lake the v^ptation disappears each year, 
and in the annual reappearance it is conoeivable that some form, 
from some littie changes in the environment, may get a start 
that will shut off other forms. Thus, in spite of the fact liuit 
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the conditions of water are more stable than tKoee of the land, 
there ^111 be, in some waya, greater variability in the annual 
productiv^ieeB of the water. The changea'in die vegetation 
will have a greater or less influence in controlling the animals, 
but in some cases, the animals seem to grow almost independ- 
ently of tbe plants. 

Examples of this apparently erratic production are seen in 
the comparison of the Gloiotrichia curves in Lake Winnebago 
in the summers of 1899 and 1900, and in animals in the Diap- 
iormis curve of 1901 in Lake Winnebago as compared with tia* 
of the preceding years, or the Diaphanosoma curve of 1899 as 
compared with the succeeding years. 

It is apparent Uiat the balance of life is maintained much 
more evenly in deep lakes than in those that are diallower. 

It is to be noticed, too, that in the shallow lakes there is al- 
ways an overproduction of plants in the summer as compared 
with the animals. This has been remarked by many other 
authors. The overproduction becomes so great at some times 
in mid-summer that the water through the decay of the plants 
may become actually poisonous to the fish, 

i! 

BELATIVB V&LVB OF DEEP AND SHAtLOW LAKES FOB THE PEiO- 
DUCTIOIT OF FISH. 

If lakes are to be ranked for fish production in aooordanoe 
with their amount of plankton, the shallow lakes must be con- 
sidered vastly the most valuable. As has been stated before^ 
this is generally considered to be the fact. It seems to m^ how- 
ever, that this difference, if it exists, has been much overstated. 
Fish are dependent for their food, for the most part, on the 
animal part of the plankton, not on the plants. It is the ento- 
mostraea that furnish the basis of food for fishes. N"ow, in 
Greer, lake the entomostraca are not only more numerous than 
in Lake Winnebago relatively to the plants, but are also abso- 
lutely more numerous. They are at least as numerous in the 
summer, and during the winter there is a considerable produo- 
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tiou wton theiy have almost disappeared in Lake Winnebago. 
!M!aj it not be, then, that Green lake may have as mucb of that 
part of the plankton that is useful for food for fishes as Lake 
Winnebago f I have not facts, from my study of Wisoonaiii 
lakes, to prove this, but it seoms to me to be at least a reasonable 
oonjeoture. It is a somewhat significant fact to me that Stone 
lake is oonstdered one of the best fishing lakes in the DOrthem 
part of this state, and it is one of Uio deeper lakes, being nearly 
eighty feet in depth. It ia true that Green lake is not a par- 
ticularly good lake for fishing at the present time, but this is 
probably because it is, to a considerable extent, "fished out." 

There is doubtless a difference between large and small deep 
lakes in favor of the larger lake in productiveness. As 1 indi- 
cated in a former paper (Marsh, '97, pi 180), this may be ex- 
plained by the more complete stagnation in the abyssal waters 
of the small deep Iak& In the latger lake, in which the winda 
have better play, the waters are piled up by the prevailing 
winds at one end of the lake and return, in part^ at least, by 
bottom currents, thus aerating to some ext^it the abyssal re- 
gions. This may explain the productiveness of Stone lake, for 
it is a long, narrow body of water extending in a direction from 
north to south and frequently violently disturbed by southwest 
winds which prevail in this location. It is probable that its 
abyssal regions are much less stagnant than, for instance^ those 
of the Chain o' Lakes which are still deeper, but smaller, and 
surroimded by elevations which cut o£E the wind. I do not 
think it probable that, under similarly favorable oonditions, 
deep lakes are ever as productive as the shallower ones, but I 
think the difference between the two has been much exa^er- 
ated. 

In a deep lake the littoral, limnetic, and abyssal r^ons are 
quite sharply distinguished. TTiere is, of course, no distinct 
dividing line between the littoral and limnetic regions, and the 
organisms of one may be found in the other, and yet the differ^ 
ence between the fauna of the central regions of a lake and its 
shore is very marked. In a very shallow lake there is no true 
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abyssal fauna, and in a pool the distinction between the limnetia 
and littoral regions is lost 

In Lake Winnebago, as I have indicated in a former paper 
(Karsh '9d, p. 181), in spite of its great size ihsn is an inter- 
mingling of littoral and limnetic forms. Cladocera like Ewry- 
cercus whioh are ordinarily considered strictly littora] are com- 
mon in the limnetic regi<His, and, on the other hand, limnetio 
forms like Diaptomus and the limnetic species of Cyclops may 
be found in the littoral region. In this lack of distinction be- 
tween the limnetic and littoral fonufl, Lake Winnebago is like 
an enormously overgrown puddle. 
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Tablk I. — Record oj total volumes of plankton per square meter in 
Qreen lake. 



Date. 


Vol. JD 
ccm. 


Date. 


Vol. in 
ccm. 


Date. 


Vol, in 
ccm. 


1899. 




1900. 




1901. 




July 16.... 


38.67 


July 2.... 


161.36 


Apr. 1.... 


77.36 


July 31.... 


108.29 


July 16.... 


n.4 


^. "S:::: 


33.37 


Auk. 25.... 


31.75 


Aug. 4.... 


104.72 


22.13 


Sept. 18.... 


35.7 


Aug. 13.... 


64.26 


May 18.... 


47.6 


Oct. 11.... 


65.15 


Sept. 3.... 


142.8 


June 1.... 


40.46 


Oct. 19.... 


57.6 


Sept. 15.... 


53.% 


June 23.... 


59.6 


Oct. 31.... 


43.56 


Sept. 28.... 


51.65 


July B.... 


61.88 


Not. 27.... 


71,1 


Oct. 16.... 


63,55 


July 20.... 


76.16 


1900. 




Oct. 27.... 


49.98 


Aug. 3.... 


45. 2S 


Jan. 13.... 


50.69 


Not. 10.... 


47.6 


Aug. 27.... 


30.7 


Jao. ao.... 


65.15 


Nov. 24.... 


47.6 


Sept. 18.... 


1.<).32 


Feb. sa.... 


197.64 


Dec. 21.... 


35.7 


Oct 19..,. 


35.7 


Mar. 2S.... 


197.64 


1901. 




Nov. 9.... 


30.94 


Apr. 20.... 
May 6.... 


95.2 


Jan. 14.... 


19.01 


Dec. 9.... 


29.76 


107.1 


Jan. :26.... 


33.8 


1902. 




May SI.... 


122.81 


Feb. 9.... 


53.55 


Feb. 19.... 


16.17 


Jnoe a.... 


226.1 


Feb. 23.... 


64.74 


Sept. 12,... 


77.36 


June 16.... 


399.84 


Mar. 9.... 


73.78 


Sept. 13,.,. 


71.1 
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Seoord of total volumea of plankton per square meter tn 
Lake Winnebago. 



Statiatica prepared as (or Green lake. 



Date. 


Vol. in 
ccm. 


Date 


Vol. in 
ccm. 


Date. 


Vol. in 


1899 




1B99 




1900 




July 6... 


71.4 


Aug. 11 


. . . 121.95 


Aug. 22.... 


316.65 


Jul? 6... 


71.1 


Aug. 12 


... 90.20 


Sept. 8.... 


623.6 


July 7... 


119. 


Aug. 11 


... 117.32 


Sept. 32.... 


163.13 


JuJ 8... 


111.15 


Aug. IS 


... 135.76 


Oct. 6.... 


99.01 


Juy 10... 


108.29 


Au^. 16 


... 116.38 


Oct. 20.... 


66.64 


Juy 11... 


67.68 


Aug. 17 


... 111.03 


Nov. 6.... 


40.46 


Juy 12... 


136.85 


Aug. 19 


... 120.19 


Nov. 21.... 


18.8 


Juy 13... 


86.28 


Aug. 21 


... 128,52 


Dec 5.... 


6.43 


July U... 


111.79 


Aug. 22 


... 158.51 


1901 




July 15... 


116.86 


Aug. 26 


... 114.22 


Jan. 5.... 


8.92 


July n... 


121.21 


Aug. 28 


... 83.30 


Jan. 19.... 


7.2« 


July 19... 


136.6J 


Aug. 30 


... 176,12 


Feb. 2.... 


11.30 


July 19... 


137.92 


Aug. 31 


.. 95,2 


Feb. 16.... 


9.52 


3Mij 20... 


183.26 


Sept. 16 


... 3ti3.9 


Mar. 2.... 


17.13 


July 21... 


268 70 


Oct. 7. 


.. 92,82 


Mar. 16.... 


8.33 


July 22... 


m.83 


Oct. 21. 


.. 162.55 


Mar. 30.... 


6.51 


July 25... 


136.01 


Not. 4. 


99,Bfi 


Apr. 13.... 


8.57 


July 26... 


162.75 


Not. 25. 


.. 59.98 


Apr. 27.... 
M^y 11.... 


16.94 


July 27... 


220.38 


1900 




35.22 


July 28... 


210.63 


Jan. 1. 


33,32 


June 8.... 


29.76 


July 29... 


232.53 


Jan. 27. 


.. 65.17 


June 25.... 


42.81 


July 30... 


193.26 


Feb. 17. 


.. JO. 


July 12.... 


172.55 


July 31... 


239.18 


Mar. 3. 


10 47 


July 27... 


233. 


Aug. 1... 


173.5 


Mar. 17. 


7.38 


Aug. 24.... 


99.72 


Aug. S... 


116.61 


Mar. 27. 


20 91 


Sept. 13.... 


127.09 


Aug. 3... 


191.92 


Apr. 28. 
Mjiy 11. 


.. 46.65 


Sept 28... 


79.73 


Aug. 4... 


107.58 


78,30 


Oct. 12.... 


32.71 


Aug. 5... 


101.15 


May 24, 


.. 180.40 


Not. 2.... 


83.3 


Aug. 7... 


138.75 


June 9. 


.. 202.3 


Nov. 16.... 


23.8 


Aug. 8... 


138.75 


Juue 25. 


.. 128.5 


1903 




Aug. 9... 


111.95 


July 9. 


.. 138.04 


Aug. 16.... 


SOI. 68 


Aug. 10... 


170,41 


July 23. 


.. 115.11 


Sept 2.... 


123,76 
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Tablk lll.—Ileeord of total volumes of plankton per square meter 
Wisconsin lakes. 



Name of I*ke. 


Date. 


Vol. in 




Sept 25,1899 

Sept 23,1899 

Aug. 11,1900 

Aug. 7,1901 

Aug. 15,1902 

Sept 23,1898 

Aug. 21,1899 

May 30,1900 

Aug. 1,1899 

Mar. 21,1900 

Jan. 29,1900 

Oct 15,1898 

Aug. 9,1900 

Aug. 10,1901 

Aug. 10,1902 

Aug. 9.1900 

Aug. 10,1901 

Aug. 10,1902 

Aug. 0,1900 

Aug. 10,1901 

Aug. 10,1902 

Aug. 11,1900 

Aug. 12,1901 

Aug. 13,1902 

Aug. 11,1900 

Aug. 12,1901 

Aug. 13,1902 

Aug. 11,1900 

Aug. 12.1901 

Aug. W,1902 

Aug. 14,1900 

Aug. 12,1901 

Aug. 13,1902 

Oct 1,1898 

Aug. 10,1900 

Nov. 27,1902 

Sept 21. 1899 

Aug. 11,1900 

Aug. 12,1901 

Aug. 12,1902 

July 23,1899 

Aug. 6,1809 

Aug. 6,1899 

May 30,1900 

Sept 23,1899 

Aug. 11,1900 

Aug. 11,1901 

Aug. 11,1902 

Aug. 8,1899 




Birch 












































Clover lieaf lakes; 
Golden Bod 






























35.70 






E^le River lakes: 








BaSie:::::::::::::::::::::::::;::::::: 




otto^ :: ";::"";;:::::::; 








Link 




















Yellow Birch 




















Palican 


122 09 










Pelican . .. 










77 06 








61.26 










Baud 


63 43 






Shawano 


179.93 
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Tablb III.— Continued. 




Name ot lake. 


Date. 


Vol. in 




Aug. 9,1900 

Aug. 8,1901 

Sept SS. 1899 

Sept 23,1880 

Aug. 12,1900 

Aug. 11,1901 

Aug. 12,1904 

Sept. 26, 1890 

July 29,1899 

July 29,1899 

July 29.1899 

July 30,1899 

July 30,1899 

July 24,1899 

Aug. 6,1899 

Aug. 24,1899 

May 30,1900 












Stone.'. 


71 4 


Stone 








BtODB 








Waupaca lakes: 
McCrOBsen 


111. IB 
73.30 








101. 


Beasley'e. . 


96.9 








94.6 
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—Humbert of Diaptomui minuttti and IHaptotnua aicUii 
per tquare meter in Green take. 



Date. 


No. 


Date. 


No. 


Date. 


No. 


1899. 




1900. 




1901. 




July 16.... 


163,7*4 


July 2.... 


159,936 


Mar. 9.. 


66,640 


Aug. 1.... 


706,384 


July 16.... 


198.016 


Apr. 1.. 


. 121,8^6 


Aug. 25.... 


134,470 


Aug. 4.... 


6.34,032 


Apr. 20.. 


32,368 


Sept. 18.... 


205,156 


Aug. 18... 


289,408 


May 4.. 


57,120 


Oct. 4.... 


280,8)0 


Sept. 3.... 


447,440 


May 18.. 


34,272 


Oct. 19.... 


211,808 


Sept. 15.... 


127,568 


June 1.. 


47,600 


Oct. 31.... 


25,70i 


Sept. 29.... 


198,016 


June 22.. 


. 177,072 


Noy. 27.... 


32,368 


Oct 16.... 


171,360 


July 8.. 


. 215, 152 


190a 




Oct. 27.... 


102,816 


July 20.. 


. 293,216 


Jul 13.... 


28,560 


Nov. 10.... 


43.792 


Aug. 3.. 


. 206,632 


Jan. 20.... 


10,472 


Nov. 24.... 


38,656 


Aug. 27.. 


60,928 


Fob. 23.... 


78,064 


Dec. 21.... 


8T,B84 


Sept. 18.. 


. 116, 144 


Mar. 22.... 


228.480 


1901. 




Oct. 19.. 


95,200 


Apr. 20.... 
Hay 6.... 


34,272 


Jan. 14.... 


79,968 


Nov. 9.. 


53,312 


116,606 


Jan. 3a.... 


55,216 


Dec. 9.. 


72,352 


May 21.... 


91,3t)2 


Feb. 9.... 


106,624 


1902. 




June 3.... 


47,600 


Feb. 23.... 


137,088 


Feb. 19.. 


. 110,433 


June 16.... 


158,032 
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Table V. — Numbereo, 



Diaptomut iregonensit per square melerin 
Lake Winnebago. 



Date. 


No. 


Date. 


No. 


Date. 


No. 


1899. 




1900. 




1901. 




July 5-11.. 


12,138 


Mar. 3.... 


238 


Jan. 5.... 


367 


July 12-18. , 


12,852 




476 


Feb, J2.... 


505 


July 19-25.. 


44,030 


Mar. 27.... 


952 


Feb. 16.... 


357 


Ju.26-Aug.] 


54,973 


Apr. 28.... 


7,616 




238 


Aug. 2-8.. 


33,320 


May 11.... 


952 


Mar 16.... 


711 


Aug. 9-15.. 


21,420 


May 24.... 


16,184 


April 13.... 


5,712 




21,896 




16,184 


April 27.... 
i/C&y n.... 


9,044 


Aug.23-29.. 


16,181 


June K.... 


19,992 


2,380 


Aug. 30- 






18,564 


June 8.... 


48.552 


Sept.S.... 


19,992 




20,944 




952 


Sept. le... 


37,128 


Aug. 22.... 


34,272 


July 12... 


21,896 




8,092 


Sept. 8.... 


19,516 


July 27... 


11,186 












94,486 








5,712 


Sept. 13.... 


119,000 


Not. 25.... 


9,758 


Oct. 20.... 


11,424 


Sept. 28.... 


7,616 












15,708 


Jao. 1.... 


714 


Nov. 21.... 


7,616 


Nov. 2... 


44,006 


Jan. 27.... 


953 


Dec, 5.... 


2,856 


Nov. 16... 


32,368 




238 











Table VI.— Sfitmbere of EpUnhura lacuitria per tquare meter in 
Lake Winnebago. 



Date. 


No. 


Date. 


No. 


Dat«. 


No. 


1899 




1899 




1900 




July 5-11. 


714 


Aug. 16-22. 


476 


June 9 


6,188 


July 12-18. 


13,566 


Aug. 23-29. 


1,438 


June 25.... 


838 


July 19-25. 


2,656 


Aug. 30- 




July 9.... 


5,950 


July 26- 




Sept.£ 




July 28.... 




Aug. 1 


31,178 


Sept. 16.... 


476 


Aug. 22.... 


238 










Sept 22.... 




Aug. 9-15. 


1,666 




71* 
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Tab[^ VII.— A'««6ers of h'piachttra laeustris per gquare meter in 
Oreen lake. 



Date. 


No. 


Date. 


No. 


Dat«. 


No. 


1890 




1900 




1900 




July 16.... 


3,808 


July 2.... 


2,856 


Nov. 10.... 


3,808 


Au^. 1.... 


17,136 


July 16.... 




1901 






1,904 


Aug, *.... 


22.818 


Juoe 22.... 




Sept. 18... 


238 


Aug. 18 ... 


3.808 


July 8.... 








Sept. 3... 




Aug. 3.... 




Oct 19.... 


3,332 


Sept. 15.... 


l,90i 


Aug. 27.... 




Oct. 31.... 


3,808 


Sept. S».... 


476 




B,«8 


Nov. 27.... 


238 


Oct. 27.... 


2.142 







Table VllI,— Numbert of Llmnooalanua' 
in Green lake. 



per gquare meter 



Date. 


No. 


Date. 


No. 


Date. 


No. 


1899 




1900 




1901 




July 16.... 


3,608 


July 2.... 


1,904 


Apr. 20... 
M^ 4... 


4,760 


Aui. 1.... 


24,752 


July 16.... 


47,600 


9,520 














Oct 4.... 


7,616 


Aug. 18.... 


5,712 


June 1... 


7,616 


Oct 19.... 


3,094 


Sept 3.... 


17,136 


June 22... 


22,848 






Sept 15.... 




July 8... 






7,616 


Sept 29.... 


1.904 


July 20... 


962 










Aug. 3... 




Jan. 13.... 


238 


Oct 27.... 


476 


Aug. 27... 




Feb. S3.... 


952 


Nov. 24.... 


19,040 


Sept 18... 


3,808 


Mar. 22.... 


7,616 


1901 




Oct 19... 




Apt. 20.... 
May 5.... 


36,176 


Jan. 14.... 


476 


Nov. 9... 


1,904 


8,468 


Jau. 25.... 


5,712 


Dec. 9... 


238 


May 21.... 


15,232 


Feb. 23.... 


13,328 


1902 




June 2.... 




Mar. 9.... 


6,664 


Feb. 19... 


7,616 


June 16.... 


9,520 


Apr. 1.... 


12,378 
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PLANKTON OF WINNEBAOO AND GREEN LAKES. 



Tablb IX.- 


Numbera of Cyolopt brevigpinonua per square meter in 






Lake Winnebago. 






Dste. 


No. 


Date. 


No. 


Date. 


No. 


1899 




1899 




1900 




July 6-11. 


8,806 


Sept. 16.... 


7,140 


Sept. 22.... 


1,901 


July 12-18. 


13,090 


Oct. 7.... 


2,380 


Nov. 6.... 


1,901 


July 19-25. 


5,236 


Oct. 21.... 




1901 
















Aug.] 


13,328 


1900 




July 12.... 


10.472 


Aug. 3-8. 












Auk. 9-16. 


5,236 


July 9.... 


12,376 


Aug. 21.... 


15,232 


Aug. 16-22, 


5,750 


July 28.... 


20,911 


Sept. 18.... 


30,464 


Aug. 23-20. 


6,661 


Aug. 22.... 


1,901 


Sept. 28.... 


19,992 


Aug. 30- 




Sept. 8.... 


2,856 


Oct. 12.... 


3,808 















Tablk X. — Numbers of Cyclops pulahelhta per aqttara meter in Lake 
Winnebago. 



Date. 


No. 


Date. 


No. 


Date. 


No. 


1899 




1900 




1901 




Nov. 1.... 


5,712 


May 24.... 


8,568 


Mar. 30.... 


238 


Nov. 25.... 


6,661 


June »,... 


1,901 


April 27.... 


3,808 








5,712 






Jan. 27.... 


7,616 


Nov. 6.... 


959 




3,808 


Mar. 3.... 


238 


Nov. 21.... 


1,428 


Sept. 28.... 


3,880 










Oct. 12.... 


963 


AwU 28.... 
May 11 


3,808 
18,088 


Jan. 19.... 


238 


Nov. 2.... 


1S,232 
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Tablx XI. ■~N'umbers of Cyclop* Leuokarti per square jneler in Lak4 
Winnebago. 



Date. 


No. 


Date. 


No. 


Date. 


No. 


1899 




1898 




1900 






4,998 


Sept. 16.... 


17,136 


July as.... 


18,089 


Julylt-lS.. 


16,136 


Oct. 7.... 


3,094 


A«g.:22.... 


10, ITS 












9,996 


July 26- 














16,660 


1900 




Oct 6.... 


1,90* 




17,136 


Mar. 17.... 


952 


Oct. 20.... 


2,668 


Aug. 9-15. 


17,612 










AMg. 16-22. 


11,424 


May 24 


2,856 


July 12.... 


968 


Auk- 23-29. 


11,124 


June 9.... 


1,904 


Aug. 24.... 


U,6U 


Aug. 30- 




June 25.... 




Sept. 13.... 


19, (MO 


Sept.5 


21,420 


July 9.... 


33,368 


Sept. 28.... 





Tablb Xll. — Numbert of Cyclopt pratlnx 
Green lake. 



I per tqiiare t 



Date. 


No. 


Date. 


No. 


Date. 


No. 


1899 




1900 




1901 




July 16 ... 


28,560 


July 16.... 


22,848 


Apr. 1.. 


. 13,338 


Aug. 1.... 


104,720 




112,336 


Apr. 20.. 
May 4.. 


5,718 


Aug. 25.... 


23,672 


Aug. 18.... 


60.928 


. 3:808 


Sept 18.... 




Sept 3.... 




May 18.. 


3,809 




112,336 


Sept 15.... 


34,272 


June 1.. 


7,618 






Sept 29.... 




June 22.. 




Oct. 31.... 


41,888 


Oct 16.... 


65,212 


July 8.. 


1,901 


Nov. 27.... 


19,010 


Oct. 27... 


85.680 


July 20.. 


. 19.040 






Nov. 10.... 








Jan. 20.... 


1.428 


Nov. 24.... 


26,656 


Aug. 27.. 


. 39,981 


Feb. 23.... 


15,232 


Doc. 21.... 


9,520 


Sept 18.. 


. 71,256 






1901 




Oct 19.. 




May 5.... 


19,OiO 


Jan. 25.... 


13,3J8 


Nov. ft.. 


. 20,911 


May 21.... 


15,232 


Feb. 9.... 


13.328 


Dec. 9.. 


. 32,368 


June 2.... 


17,136 


Feb. 23.... 


15,232 


1902 




June 16.... 


11,424 


Mar. 9.... 


9,520 


Feb. 19.. 


. 17. 136 


July 2.... 


1.904 
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PLAIfSTON OF WINNBBAaO A2iD OREEN LAKES. 



Taale Klll.—Ifumbert of copepod larvae per equare meter in 
Lake Winnebago. 



Date. 


No. 


Date. 


No. 


Date. 


No. 


1B99' 




1900 




1901 




July 5-Xl. 


11,186 


Mar. 17 . 


. 40,222 


Jan. 1ft.... 


1,904 


July 12-18. 


71.870 


Mar. ST.. 


45.69r! 


Feb. 2.... 


952 


July 19-26. 


69,496 


Apr. 28.. 
May 11.. 


. 367,472 


Feb. 16.... 


1,001 


July 28- 




. 297,976 


Mar. 2.... 


952 


Aug.l 






. 115,906 




1,190 


Aug. 9-15. 


50,aia 


June 0.. 


. 12,376 


Apr. 13.... 


17.136 


Aug. 16-M. 


43,078 


June 25.. 


. 10,980 


Apr. 2T.... 
Mar 11.... 


57,120 




34,510 


July 9.. 


. 31,116 


30,461 


Aug. 30- 




July 28.. 


. 129,472 


Judo 8.... 


118.048 






Aug. 22.. 




Juoe 25 




Sept. 16.... 


6,664 


Sept. 8.. 


. 12.fil0 


July 12.... 


6,712 


Oct. 7.... 


49,501 


Sept. 22.. 


. 25,701 


July 27.... 


3.603 






Oct. 20.. 


. 2,856 


Auk. 2*.... 




Nov. 25.... 


4a,552 


Nov. 6.. 


. 8,568 


Sept. 13.... 


18,744 














Jan. l..„ 


12,376 


Deo. 5.. 


1,901 


Oct. 12.... 


21,896 


Jan. 27.... 


13,801 


1901 




Nov. 2,... 


22.818 


Feb. 17.... 


18,068 


Jau. 5.. 


952 


Nov. 16.... 


20,944 


Mat. 3.... 


21,896 











Tablx XIV. — Numbers of copepod larvae per square meter i 
Green lake. 



Date. 


No. 


Data. 


No. 


Date. 


No. 


1899 




1900 




1901 




July 16.... 




July 2.... 


1,901 


April 1.... 


11.424 


Aug. 1.... 


219,434 




100,912 


April 20.... 


5.712 


Aug. 25.... 




Aug. 4.... 








Sept. 18.... 




Aug. 18.... 


310,352 




62.832 




28,560 




137,088 




319,872 


Oct. 19.... 


9,520 


Sept. 15.... 


67,511 


Juue 22.... 


32.363 




34,176 


Sept. 29.... 


57,120 


July 8.... 


81,152 


Not. 27 ... 


72,352 


Oct. 16.... 


1,901 


July 20.... 


118,048 








36,176 






Jan. 13.... 


17.600 


Nov. 10.... 


36.176 


Aug, 27.... 


180,680 


Jan. 20.... 


28,660 


Nov. 24.... 


51,108 




317,968 




20,941 










Mar. 22.... 


19,010 


1901 




Nov. 9.... 


22,848 


April 20... 
M!^y 5.... 


22,818 


Jan. 14.... 


15,696 


Dec. 9.... 


74,256 


1,904 


Jan. 25.... 




1902 




May 21.... 


69,024 


Feb. 9.... 


95,200 


Feb. 19... 


38,080 


June 2.... 






51,408 






June 16.... 


142,800 


Mar. 9.... 


20.914 
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— iVunt&er) of Diaphanotoma braohyuf 
meter in Lake Winnebago. 



per aqunre 



Date. 


No. 


D.... 


No. 


Date. 


No. 






1B99 




1900 




July 5-11.. 


U,280 


Bept. 16.... 




Oct. 6.... 






28,322 






1901 




Jiilyl&-25.. 


1M,208 










July 26- 




May 24.... 


4,760 








116, eai 


June 9.... 








Aug. 2- 8. 


32,368 


June 25... 




Aug. 24.... 






30,461 


July ».... 


1,428 


Sept 13.... 


952 


AuR. 16-22. 


19,992 


July 28..,. 






2,142 


Aug. 83-29. 


5,712 


Aug. 22.... 


39,994 




714 


Auk. 30- 




Sept. 8.... 


17,850 


Nov. 2.... 


3,808 




11,421 


Sept. 22.... 









Tablb XVI.— Numbers of Daphnia h/iaUnt 
Lake Winnebago. 



per eqwire meter in 



Date. 


No. 


1899 




July 5-U. 


16,660 


July 12-18 


30,464 


July 19-25. 


38,060 


July 26- 




Aug. ] 


105,196 


Aug. 2- 8. 




Aug. 0-15. 


42,840 


Aug. 16-22. 


44,268 


Aug. 2.3-29. 


40,936 


Aug. 30- 




Sept. 5 




Sept. J6.... 


14,756 


Oct. 7.... 


476 


Oct. 21..., 


5,712 


Nov. 4.... 




Nov, 25.... 


4,284 



July 9 . 
July 28.. 
Aug. 22.. 
Sept. 8.. 
Sept. 22 , 
Oct. 6.. 
Oct. 20.. 



1900 




Nov. 21,... 


4,294 


Dec. 5.... 


476 


1901 




May 11... 


476 


June 8.... 


22,848 




5,712 


July 12.... 


17,136 


July 27.... 


8,568 


Aug. 24.... 


10,478 


Sept. 12..,. 


2,856 




4,998 


Oct. 12.... 


1,904 


Nov. 2.... 


14,518 


Nov. 16.... 


4,284 
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PLANKTON OF WINNEBAGO AND QREBN LAKES. 



Tabt-kXYIL— Humbert 0/ Daphnia hyalina per tquare meter in 

Oreen lake. 



D&to. 


No. 


Date. 


No. 


Date. 


No. 


1899 




1900 1 


1001 




July 16.... 




July 16.. 


.. 6,664 


Juue 22.... 




Aug. 1.... 


93,396 




. 19,040 


July 8.... 


7,616 


Aug. 25.... 




Aug. 18.. 










3,091 


8ept 3.. 


. 59,024 


Aug. 3.... 


6,664 










Aug. 27.... 




Oct. 19.... 


38,894 


SepL 29.. 


. 20,914 


8«pt. 18.... 




Oct. 31.... 


1,190 


Get 16.. 


. 15,232 


Oct. 19.... 


3,808 


Nov. 27.... 


1,428 


Oct. 27.. 


. 17,136 


Nov. 9 


13,328 


1900 




Nov. 10.. 


. 39,9»4 


Dec. 9 




June 16 


476 


Nov. 21.. 


. 9,520 






July 2,... 


1,904 











Tablb XVIII.— J^u in 6er« of Bosmina per square meter in Oreen 



July 16.. 
Aug 1.. 
Aug. 35.. 
Sept. 18.. 
Oct. 4.. 
Oct. 19.. 
Oct. 31.. 
Nov. 27.. 

1900 
Jan. 13.. 
Jan. 20.. 
Feb. 23.. 
Mar. S2.. 
Anr. 20.. 
U^y 5.. 



114,210 

79,968 
74,256 



June 2... 
Juue 16... 
July 2... 
July L6.., 
Aug. 4... 
Aug. la... 

Sept. 3 . . . 
Sept. 15... 
Sept. 29... 
Oct. 16... 
Oct. 27... 
Not. 10... 
Nov. 24... 
Dec. 21.., 

1901 
Jan. 14... 



Date. 


No. 


1901 




Jan. 25.... 


19,040 


Feb. 9.... 


7,616 


Feb. 28.... 


11,434 


Mar. 9.... 


3,808 




3,808 


May 4.... 


1,901 




5,712 


July 8.... 


7,616 


July 20.... 


3,808 


Aug. 3.... 




Sept. 18.... 


7,618 


Oct. 19.... 


3,808 




118,016 


Dec. 9.... 


lffi,648 






Feb. 19,... 


30,940 



iiGoogle 



B XIX.— JVumbera of Eurycercu» lamellatua per »quare meter in 
Lake Winnebago. 



Date. 


No. 


Date. 


No. 


Date. 


No. 


1899 




1899 




1900 




July 5-11.. 


23,086 


Aug. 23-29. 


39,270 


Juue 9.... 


238 


July 12-18.. 


66,402 


Aug. 30- 




Juno 25.... 


12,862 


July 19-25.. 


22,134 


BeptE 


19,040 




10,948 


July 26- 




Sept. 16.... 


40,160 


July 28.... 


40,460 


Aug. 1 












Aug. 2- 8. 


952 


Nov. 4.... 


238 




4,284 


Aug. 9-15. 


1,428 


1900 




1901 




Aug. 16-22. 


3.332 


Apr. 28.... 




Juoe 8 


238 



TlBLB XX. 


— A'wmfters 


of Chydoruaper square meter in Lake Winne- 








bago. 






Date. 


No. 


Date 


No. 


Date. 


No. 


1899 




1900 




1900 




July 6-11 


19,516 


Jan. 27 


238 


Dec. 5... 


1,904 


July 12-18. 


9,520 


Mar. 27 


476 


1901 




July 19-25. 


2,856 


Apr. 28 
my 24 


... 2,856 


Jan. 5... 


238 


July 26- 




... 1,804 


Apr. 27... 
my 11... 


962 


Aug. ] 


16,184 


June 9 


... 3,208 


1,904 


Aug. 2-8.. 


11,900 


July 9 




June 8... 


2,142 






July 28 








Aug. 16-32. 


1,904 


Aug. 22 


... 6,664 


July 27... 


21,896 


Aug. 23-29. 




Sept. 8 


... 14,280 


Aug. 24... 


1,904 


Bept. 16.... 




Sept. 22 


... 18,088 


Sept. 28... 




Oct 21.... 


476 


Oct. 6 


... 7,616 


Oct. 12... 


952 


Nov. 4.... 


2,618 


Oct. 20 


... 34,272 


Nov. 2... 


3,808 


Nov. 86.... 


4.522 


Nov. 6 


... 133,518 


Nov. 16... 


2,866 


1900 




Nov. 21 


... 10,472 






Jan. 1.... 


958 
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PLANKTON OF WINNEBAGO AND (JREEN LAKES. 



Taki-k XXI. — Numbers of Leplodora per square meter in Lake 
Winnebago. 



Date. 


No. 


Date. 


No. 


Date. 


No. 


1899 




1899 




1900 




Julj 5-11. 


714 


Aug. 30- 




SepL 8.... 




July 12-18. 


952 




714 


Sept. 22.... 


238 


July 18-25. 


l.BOi 


Sept. 16,... 








July 2ft- 












Auz. 1 


1,666 


May 21... 


238 


May 11.... 


714 


Aug. 2- 8. 


952 






June 8.... 


476 


Avifc. 9-15. 


238 


June 25.... 


714 


July 12... 


1,428 


Aug. 16-23. 


23S 


July 28.... 


238 


Aug. 24.... 


238 


Aug. 22-29. 


476 


Aug. 22.... 


176 







Tablk XXII. — Numbers of C/jpri» per square meter in Lake Win- 
nebago. 



Date. 


No. 


Date. 


No. 


Date. 


No. 


1899 




1899 




1900 




July 5-11. 


1,428 


Aug. 23-29. 


11,186 


June 25.... 


476 




10,510 






July 9.... 




July 19-25. 


53,788 


Sept. !: 


9,530 


Aug. 22.... 


1,904 
















714 


1900 




June fi.... 




Aug. 2- 8. 


5,712 


May 11.... 


952 


June 25.... 


9,520 








7,616 


July 12 ... 




Aug. 16-22. 


16,422 




2,856 
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Table XXllL—ifaximum depths of Wisconsin lake*. 

NoTB — Ic has beea found, bt eipeiieace, that ths popular ideas In regard to tba 
depths of lakes are utterl; uai«Llab!e. Coa^qusatl^, altboDjth onlr a miBll nnmber of 
the WIsooDsin Iskei have been aooaraMlr sounded, U ssems beat to append a table of 
tboae deplhs that are known, to eerre as a matter of refarenoe. 

In 1807 a rsoonnaiasaDce of a conBlderable number of the Wisconsin lakes was made 
br the author as prellmiDar> to the study of the lakes undertaken bj the Nataral Hla- 
tory Surrey of Wigcousla. Although this waa a hasty trip, cuusiderable care was taken 
to determine the greatsBt depths of the lakes visited, and where BDbseqneuC detailed snr- 
TOys were made, it appeared that the record of the preliminary trip was qnite accurate. 
Under the ansptoea o[ the Surrey detailed hydrosraphio auneys were afterwarda made 
of the following lakes: Lake Oeneia, the Ooonomowoc lakes. Lake Beulah, Elkhart 
lake, the Waupaca lakes, Delaran lake, the Lauderdale lakes, Qreen lake. Lake 
Hendota. and Lake Uonona. The figures given for these lakes, then, areanthoritattTS. 
The QguroB given for the other lakes are the result ot only a cursory eiamination, with 
the probability that ths deepest parte of the lakes were eiacDlned. bat with the powl- 
bility of some error. The depths are the result of a personal examination by the autho r 
and ware not obtained by any hearsay evidenoe. 



Name. 


Township 


Bange. 


County. 


Depth. 




33 N 

8N 

iN 


XE 

XVIII E.... 
XVIII E.... 


Langlade 

Waukesha .... 
Walworth 


Feet. 
19 6 














































Biroh. 


36 N 

4N 

184 19 N 

16 N 

UN 

2flN 


XV E 

XVIIE 

XV & XVI E 
XXXI E.... 

IXXE 

XVE 


Forest 

Walworth 

Winnebago 

Shebojgan .... 
Washington.... 


61 7 






Battes des Morts.... 
Cedar 


9.7 






OloTor Leaf ... . 
































7N 

2N 

15 N 

39&40N 


XVIIE 

XVIB 

XVIIE 

XAXIE.., 


Waukesha .... 

Walworth 

Pond dul«ic.. 
Vilas & Oneida. 






36 7 






Eagle River lakea .... 
CaiBsh 


"iela" 










































1Rf,<tt 1Vr.y 


m 

16 N 

8N 

8N 

7N 

7N. 


XVIII E.... 

XXI B 

XVII E 

XVIIIB.... 

XVII B 

XVII E 


Walworth 

aheboygan.... 

Waukaaba 

Waukesha ... 
Waukesha .... 
Waukesha .... 


16.6 


HikharV^';;::;:;::;:: 




Fowler 


BO. 
36.1 


OflDeeee, North 


36. i 
47.6 
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PLANKTON OF WINNEBAGO AND OBBEN LAXE3. 



TiBLB XXU.-3faximum depths of WUcon 


i«in luifces— Continued. 


Name. 


Township 


Bange. 


County. 


Depth. 




IN 

15 A 16 N 

6N 

8N 

4N 


XVI, XVI E 
XII A XII E 
XAXI E... 

XVII E 

XVI E 


Walworth 

Green Lake... . 
Dane ... . 


Feet. 


Gteen 


237. 




46 6 




Waukesha .... 
























Mill 








60. 




I5N .... 
UN .... 
31 N.... 
38N.... 
7 &8 N. 

7 N 

8 N 

7 N 

7 N 

7 N 

7 N 

7 N 

8 N 

7 N 

9 N 

7 N 

35 N.... 

7 N 

8 N 

1 N 

19 420 N 

35A3eN 
27 N.... 

36 N .. 

7N 

15 N.... 
35A36N 
33 N.... 
38A39N 
IN 


xiii'E 

XIXE 

XV E 

XIE 

XE 

XAXE... 
XVIII E.... 
XVIII E.... 

vn E 
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APPENDIX. 



Table XXII.-Jtfai^ 


mum deplha of Wisconsin lofte*.— Continued. 


Name. 


Township. 


Range. 


County. 


Depth. 


Waupaca: 








Feet. 












Long 








77.7 






















MiDor 








<6 6 






























we 




















66.7 
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XVII 4 
XVIII E.. 
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Winnebago and 

Pond du Lac 

Winnebago 






25.1 
9.7 
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PUBLICATIONS 



Wisconsin Geological and Batnral ^History Surrey. 



1. BuLLKTina. 



The publicatioDs of the Surrey are issued as bulletins, vhich are oum- 
bered cansecuttvely, Each bulletin ia indepeadentlj pt^^ed and indexed, 
no attempt being made to group them in volumea. The bulletine are 
issued in three series, 

A. Scientifto lyerie*.— The bulletins so designated consist ot original 
contributions to the eeology and natural history of the state, which are of 
scientific interest rather than of economic importance. 

B. Economio Series. — This series iDcludea those bulletins whose in- 
terest is chiefly practical and economic. 

C. Educational Series.— The bulletins of this series are primarily 
designed for use by teachers and in the schools. 

The following bulletins have been issued: 

Bulletin 2^0, I. Eeonomic Series No. 1. 

Oa the Forestry Conditions of Northern Wisconsin. Filibert Roth, 
Special Agent, United States Department of Agriculture. 1893. Pp. vi., 
78; 1 mip. Sent on receipt of 10c. 

}iulletin No. II. Scientific SeHea No. 1. 

On the Instincts and Habits of the Solitary Wasps. Qeorge W. Feck- 
ham and Elizabeth O. Peckham. 1898. Pp. iv., Sll; 11 plates, of 
which 2 are colored; 2 figures in the text Sold at the price ot $1.60 in 
paper and $2.00 bound 

\Bulletin No. III. Scientijlo Series No. t. 

A Contribution to the Geology of the Pre-Cambrian Igneous Bocka of 
the Fox Birer Valley, Wisconsin. Samuel Weidman, Ph. D., Assistant 
Qeologist, WiscoDsin Geological and Natural History Survey. 1898. Pp. 
IT., 63; 10 plates; 13 figures in the text. Out of print. 

Bulletin No. IV. Eoonomia Series No. ». 

On the Building and Ornamental Stones of Wisoonsin. Ernest Robert- 
son Buckley, Ph. D., Assistant Geologist Wisconsin Geological and 
Natural History Survey. 1998 (issued in 1899). Pp. ixvi., 544; 60 
plates, of which 7 are colored, and 1 map; 1 figures in the text. Sent on 
receipt of 30c. 
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Bulletin No. V. Sdueational Seriei No. 1. 

The Geograpbr of the Region About DeTil'a Lake and the Dttllee of th« 
WiBCODsin, with Bome notes on its surface (^eologf. BollJD D. Balisbur;, 
A. M., ProfeBBor of Geographic Geoloc;, University of Chicago, and Wu- 
lac« W. Atwood, B. S., Aesistant in Geology, Unireraitj of Chicago. 1900. 
Pp. I., 151; 38 platen; 17 figures in the text. Bent on receipt of 30c. 

Bulletin No. VI. £conomio Series No. 3. Second Edition. 

Preliminary Beport on the Copper- Bearing Kocks of Douelaa county, 
and parts of Waahbnrn and Bayfield Counties, Wisconsin. Ulyseea Sher- 
man Grant, Ph. D., Professor of Geology, Northwestern UniTetsity. IQOl. 
Pp. vi., B3i 13 plates. Sent on receipt of 10c. 

Bulletin No. VII. Economio Seriei No. 4. 

The Clays and Clay Industries of Wisconsin. Part I, Ernest Robert- 
son Buckley, Ph. D., Geologist, Wisconsin Geological and Natural History 
Survey. Id charge of Economic Geology. 1901. Pp. xii,, 301; 66 plates. 
Sent on receipt of 20c. 

Bulletin No. VIII. Educational Seriea No. t. 

The Lakes of Southeastern Wisconsin. N. H. Fenneman, Ph. D., Pro- 
fessor of General and GeoCTsphic Geology, University of Wisconsin. 1902. 
Pp. XV., 116; 36 plates, 38 figures in the text. Sent tbonnd) on receipt of 
60 cents. 

Bulletin No. IX. Economic Seriet No. S. 

Preliminary Report on the Lead and Zinc Deposits of Southwestern Wis- 
consin. Ulysses Sherman Grant, Ph. D., Professor of Geology, North- 
western Univbrsitj;. 1903. Pp. vui, 103; 2 maps, a plates, 8 figures in the 
text. Sent on receipt of 10 cents. 

Bulletin No. X. Economic Seriet No. 6. 

Highway Oonstrnction in Wisconsin. Ernest Bobertson Buckley, Ph. D., 
State Geologist of Missouri, formerly Geologist, Wisconsin Geological and 
Natural History Survey. 1903. Pp. xvi, 339; 106 plates, including 26 
maps of cities. Sent on receipt of 30 cents. 

Bulletin No. XI. Economic Seriee No. 7. 

Preliminary Report on the Soils and Agricultural Conditions of North 
Central Wisconsin. Samuel Weidman, Ph. D.. Geologist, WisconBin 
Geological and Natural History Survey. 1903. Pp. viii, 67; plates 10, 
including soil map. Sent, paper bound, without charge, clotn bound, 
on receipt of 20 cents. 

Bulletin No. XII. Scientific Seriet No. S. 

The Plankton of Lake Winnebago and Green Lake. C. Dwight Marab, 
A. M., Professor of Biology, Bipon College. 1903. Pp. vi, 94. 22 plates. 
Sent, paper bound, without charge; cloth bound, on receipt otS6 cents. 

In Press. 
Bulletin No. XIII. Economic Series No. 8. 
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3. BiBR«iAL Bbpobts. 

Tbe Survey haa published three bieonial reports, which relate to admin- 
iatratiTe affairs ouly and eootaiu uo Bcientilic matter. 

First Biennial Report of the Commissionera of the Qeolofcical and Nat- 
ural Hiato^ Survey. 1B90. I^. 31, 

Second Biennial Report of tbe Commissionera of tbe Geological and 
Natural History Survey. 1901. Pp. 14. 

Third Biennial Report of the GommiBsioDere of the Geological and Nat- 
ural History Surrey. 190a Pp. 35. 

"3, HrDRoaKAPHto Maps. 



louthorn and eastern Wisconsin. 
Assistant Professor of Topographical Engineering, University of Wis- 
consin. 



The following maps a 



DelaT&D and Laaderd&ls Laka* .. 

Qreenliske 

IiakeHeodota 

"■ TedsrLaiie 

Uononn 



BisCed 
LdieU 



In all of these maps the depth of the lakes is indicated by contour 
lines, and by tints in ali except No. 1. They are sent on receipt of 15 cents 
each except Nos. 1 and 8, tor which 20 cents are required. They may be 
had either monnted in a manilla cover ' '' 



le relating to the s urvey should be addressed to 

B. A. BiBOB, Director, 
Madison, Wis. 
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